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DIAGNOSTIC POLYMORPHISMS FOR THE ecNOS PROMOTER 

Background 

This invention relates to detection of individuals at risk for pathological conditions 
based on the presence of single nucleotide polymorphisms (SNPs). 
5 During the course of evolution, spontaneous mutations appear in the genomes of 

organisms. It has been estimated that variations in genomic DNA sequences are created 
continuously at a rate of about 100 new single base changes per individual (Kondrashow, 
J. Theor. Biol, 175:583-594, 1995; Crow, Exp. Clin. Immunogenet., 12:121-128, 1995). 
These changes, in the progenitor nucleotide sequences, may confer an evolutionary 

10 advantage, in which case the frequency of the mutation will likely increase, an 

evolutionary disadvantage in which case the frequency of the mutation is likely to 
decrease, or the mutation will be neutral. In certain cases, the mutation may be lethal in 
which case the mutation is not passed on to the next generation and so is quickly 
eliminated from the population. In many cases, an equilibrium is established between the 

15 progenitor and mutant sequences so that both are present in the population. The presence 
of both forms of the sequence results in genetic variation or polymorphism. Over time, a 
significant number of mutations can accumulate within a population such that considerable 
polymorphism can exist between individuals within the population. 

Numerous types of polymorphism are known to exist. Polymorphisms can be 

20 created when DNA sequences are either inserted or deleted from the genome, for example, 
by viral insertion. Another source of sequence variation can be caused by the presence of 
repeated sequences in the genome variously termed short tandem repeats (STR), variable 
number tandem repeats (VNTR), short sequence repeats (SSR) or microsatellites. These 
repeats can be dinucleotide, trinucleotide, tetranucleotide or pentanucleotide repeats. 

25 Polymorphism results from variation in the number of repeated sequences found at a 
particular locus. 

By far the most common source of variation in the genome are single nucleotide 
polymorphisms or SNPs. SNPs account for approximately 90% of human DNA 
polymorphism (Collins et al., Genome Res. 9 8:1229-1231, 1998). SNPs are single base 
30 pair positions in genomic DNA at which different sequence alternatives (alleles) exist in a 
population. In addition, the least frequent allele must occur at a frequency of 1% or 
greater. Several definitions of SNPs exist in the literature (Brooks, Gene, 234:177-186, 
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1999). As used herein, the tenn "single nucleotide polymorphism" or "SNP" includes all 
single base variants and so includes nucleotide insertions and deletions in addition to 
single nucleotide substitutions^, g. A->G). Nucleotide substitutions are of two types. A 
transition is the replacement of one purine by another purine or one pyrimidine by another 
5 pyrimidine. A transversion is the replacement of a purine for a pyrimidine or vice versa. 

The typical frequency at which SNPs are observed is about 1 per 1000 base pairs 
(Li and Sadler, Genetics, 129:513-523, 1991; Wang et aL, Science, 280:1077-1082, 1998; 
Harding et al,,^m. J. Human Genet, 60:772-789, 1997; Taillon-Miller et aL, Genome 
Res., 8:748-754, 1998). The frequency of SNPs varies with the type and location of the 
10 change. In base substitutions, two-thirds of the substitutions involve the C<->T (GK->A) 
type. This variation in frequency is thought to be related to 5-methylcytosine deamination 
reactions that occur frequently, particularly at CpG dinucleotides. In regard to location, 
SNPs occur at a much higher frequency in non-coding regions than they do in coding 
regions. 

1 5 SNPs can be associated with disease conditions in humans or animals. The 

association can be direct as in the case of genetic diseases where the alteration in the 
genetic code caused by the SNP directly results in the disease condition. Examples of 
diseases in which single nucleotide polymorphisms result in disease conditions are sickle 
cell anemia and cystic fibrosis. The association can also be indirect where the SNP does 

20 not directly cause the disease but alters the physiological environment such that there is an 
increased likelihood that the patient will develop the disease. SNPs can also be associated 
with disease conditions, but play no direct or indirect role in causing the disease. In this 
case, the SNP is located close to the defective gene, usually within 5 centimorgans, such 
that there is a strong association between the presence of the SNP and the disease state. 

25 Because of the high frequency of SNPs within the genome, there is a greater probability 
that a SNP will be linked to a genetic locus of interest than other types of genetic markers. 

Disease associated SNPs can occur in coding and non-coding regions of the 
genome. When located in a coding region, the presence of the SNP can result in the 
production of a protein that is non-functional or has decreased function. More frequently, 

30 SNPs occur in non-coding regions. If the SNP occurs in a regulatory region, it may affect 
expression of the protein. For example, the presence of a SNP in a promoter region, may 
cause decreased expression of a protein. If the protein is involved in protecting the body 
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against development of a pathological condition, this decreased expression can make the 
individual more susceptible to the condition. 

Numerous methods exist for the detection of SNPs within a nucleotide sequence. 
A review of many of these methods can be found in Landegren et al., Genome Res., 8:769- 
5 776, 1998. SNPs can be detected by restriction fragment length polymorphism (RFLP) 
(U.S. Patent Nos. 5,324,631, 5,645,995). RFLP analysis of the SNPs, however, is limited 
to cases where the SNP either creates or destroys a restriction en2yme cleavage site. SNPs 
can also be detected by direct sequencing of the nucleotide sequence of interest. 
Numerous assays based on hybridization have also been developed to detect SNPs. In 
10 addition, mismatch distinction by polymerases and ligases have also been used to detect 
SNPs. 

There is growing recognition that SNPs can provide a powerful tool for the 
detection of individuals whose genetic make-up increases their susceptibility to certain 
diseases. There are four primary reasons why SNPs are especially suited for the 
1 5 identification of genotypes which predispose an individual to develop a disease condition. 
First. SNPs are by far the most prevalent type of polymorphism present in the genome and 
so are likely to be present in or near any locus of interest. Second, SNPs located in genes 
can be expected to directly affect protein structure or expression levels and so may serve 
not only as markers but as candidates for gene therapy treatments to cure or prevent a 
disease. Third, SNPs show greater genetic stability than repeated sequences and so are 
less likely to undergo changes which would complicate diagnosis. Fourth, the increasing 
efficiency of methods of detection of SNPs make them especially suitable for high 
throughput typing systems necessary to screen large populations. 

Nitric Oxide (NO) has been recognized as a potential factor in the progression of 
chronic renal failure (Aiello et al., Kidney Intl Supply 65:S63-S67, 1998). Nitric oxide, a 
readily diffusible gas identical to endothelium-derived relaxing factor (EDRF), is 
synthesized by nitric oxide synthase (NOS). Three isoforms of NOS exist: inducible NOS 
(iNOS; NOS1), neuronal NOS (nNOS; NOS2), and endothelial constitutive NOS (ecNOS, 
NOS3). 

Nitric oxide, which is vasodilatory, antagonizes the vasoconstrictive effects of 
angiotensin II and endothelins. Since angiotensin II promotes renal injury, nitric oxide 
may protect against renal injury from systemic disease such as hypertension or non-insulin 
dependent diabetes mellitus (NIDDM) (Bataineh et al., Kidney Intl Supply 68:S14-S19, 
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1998). Nitric oxide has been implicated in the progression of renal disease in rat (Brooks 
et al., Pharmacology, 56:257-261, 1998) and human (Noris et al., Contrib. Nephrol., 
119:8-15, 1996; Kone BC, Am. J. Kidney Dis., 30: 311-333, 1997; Aiello et al., Kidney Int. 
Supply 65:S63-S67, 1998; Raij L., Hypertension, 31:189-193, 1998). The nitric oxide 
5 synthase genes are recognized candidate genes for hypertension, renal failure, and 
cardiovascular disease in general (Soubrier F., Hypertension, 33:924-926, 1999). 

L-arginine, a substrate for nitric oxide production, is an essential amino acid that 
can be given orally. Two studies in rats with subtotal nephrectomy (Reyes et al., Am. J. 
Kidney Dis., 20:168-176, 1992; Ashab et al., Kidney Intl., 47:1515-1521, 1995) have 

10 shown improvement of renal function with oral administration of L-arginine, suggesting 
that low levels of NO may play a role in the development of ESRD. Concentrations of 
1.25 to 10 grams/liter of L-arginine were used in the rat studies resulting in a dose of 
approximately 1 .25 to 1 0 grams/kg body weight/day. In a recent human trial, however, 
administration of only 0.2 gram/kg body weight/day of L-arginine had no demonstrable 

15 effect (De Nicola et al., Kidney Intl., 56:674-684, 1999). 

In the remnant kidney model of chronic renal failure in rats, activity of ecNOS 
remains unchanged whereas the activity of iNOS decreases markedly (Aiello et al., Kidney 
Intl. 52:171-181, 1997). A deficiency of nitric oxide, especially due to the ecNOS isoform 
which normally remains unchanged after renal injury, may predispose patients with 

20 underlying systemic disease to end-stage renal disease (ESRD) (Huang, Am. J. Cardiol, 
82:57S-59S, 1998). 

A number of polymorphisms have been reported in the sequence of the ecNOS 
gene, some of which have also been reported to be associated with variation in plasma 
levels of NO (Wang et al., Arterioscler. Thromb. Vase. Biol, 17:3147-3153, 1997; 
25 Tsukada et al., Biochem. Biophys. Res. Commun., 245:190-193, 1998) 

Nakayama et al. (Hum. Hered., 45:301-302, 1995; Clin. Genet., 51:26-30, 1997), 
have reported the presence of highly polymorphic (CA)n repeats in intron 13 of the 
ecNOS promoter. Bonnardeaux et al. (Circulation, 91 :96-102, 1995), reported the 
presence of two biallelic markers in intron 18 that were not linked to essential 
30 hypertension. 

Two forms of a 27 base pair repeat in intron 4 have been reported; a larger allele, 
with 5 tandem repeats, and a smaller allele, with only 4 repeats (third repeat missing). The 
rare, smaller allele has been associated with coronary artery disease in smokers, but not in 
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patients who had never smoked (Wang et al, Nat. Med., 2:41-45, 1996; Ichihara et al., 
Am. J. Cardiol, 81:83-86, 1998). The smaller allele has also been associated with 
essential hypertension (Uwabo et al., Am. J. Hypertens., 1 1:125-128, 1998). An additional 
association was also observed in Turkish patients with deep vein thrombosis and strokes 
5 (Akar et al., Thromb. Res., 94:63064, 1999). Several studies, however, failed to confirm 
any association of the intron 4 polymorphism with cardiovascular disease (Yahashi et al., 
Blood Coagul Fibrinolysis, 9:405-409, 1998), essential hypertension (Bonnardeaux et al., 
Circulation, 91 :96-102, 1995), or of the ecNOS gene with myocardial infarction (Poirier et 
al., Eur, J. Clin. Invest, 29:284-290, 1999) 

1 0 A missense Glutamate 298 to Aspartate variant (E298D) in exon 7 has been 

associated with coronary spasm in Japanese patients (Yoshimura et al., Hum. Genet, 
103:65-69, 1998) as well as enhanced vasoconstriction by phenylephrine (Philip et al., 
Circulation, 99:3096-3098, 1999). Despite observed associations with coronary spasm 
(Yoshimura et al., Hum. Genet, 103:65-69, 1998) and preeclampsia, there was no linkage 

15 of ecNOS with migraine headaches, which are also thought to involve arterial spasm 
(Griffiths et al., Neurology, 49:614-617, 1997). The E298D polymorphism was also 
associated with essential hypertension in some studies (Miyamoto et al., Hypertension, 
32:3-8, 1998; Yasujima et al., Rinsho Byori, 46:1199-1204, 1998) but no association was 
seen in a larger study (Kato et al, Hypertension, 33:933-936, 1999), nor was the E298D 

20 polymorphism associated with a measure of aortic stiffness, a consequence of 

hypertension (Lacolley et al., J. Hypertens., 16:31-35, 1998). The findings regarding a 
possible association between the E298D polymorphism and myocardial infarction have 
been mixed, with an association found in some studies (Hibi et al., Hypertension, 32:521- 
526, 1998; Shimasaki et al., J. Am. Coll Cardiol, 31:1506-1510, 1998; Hingorani et al., 

25 Circulation, :100:1515-1520, 1999), but not others (Cai et al., J. Mol. Med. 77:51 1-514, 
1999; Liyou et al., Clin. Genet, 54:528-529, 1998). Nor has the E298D polymorphism 
been associated with cerebrovascular disease in Caucasians (Markus et al., Stroke, 
29:1908-1911, 1998; MacLeod et al., Neurology, 53:418-420, 1999). 

In view of the contradictory evidence for association with cardiovascular disease of 

30 any of the above polymorphisms in ecNOS, the need to focus on functional 

polymorphisms is clear (Soma, et al., Curr. Opin. Nephrol Hypertens., 8:83-87, 1999). 
We therefore searched for functional polymorphisms in the promoter of ecNOS, where 



WO 02/08467 



PCT7US01/23321 



6 

single base differences (single nucleotide polymorphisms, or SNPs) can have a major 
effect on the transcriptional rate of a gene (Cooper DN, Ann. Med. 9 24:427-437, 1992). 

The following polymorphisms in the promoter of ecNOS have been previously 
described, and are not a subject of this invention. A mutation at position -786 of T to C 
5 has been reported which was associated with coronary spasm (Nakayama et al., 

Circulation, 99:2864-2870, 1999). Also seen were an A-to-G mutation at position -922, 
and a T-to-A mutation at position 

-1468, which were linked to the T-786— >C mutation. However, in a luciferase construct, 
only the T-786— >C mutation resulted in a significant reduction in ecNOS gene promoter 
10 activity. Id. Position -786 corresponds to position +2687 in the promoter sequence 
contained in GenBank as accession number AF032908 (SEQ ID NO: 1). In this 
application, bases are numbered from the first transcibed base which is +3473 in 
AF032908. Thus position -786 corresponds to position +2687 in AF032908 (3473- 
786=2687). 

15 A Mspl restriction fragment length polymorphism (RFLP) has been reported in an 

Australian Caucasian population (Sim et al., Mol. Genet. Metab. 65:562, 1998). The T to 
C mutation at position -781 (AF032908 position 2692) was not shown to be associated 
with any human disease nor to be functional when cloned upstream of a luciferase reporter 
gene in HepG2 cells. 

20 An additional C to T mutation has also been reported at position -690 (Nishio et 

al., Biochem. Biophys. Res. Commun., 221:163-168, 1996), corresponding to position 
+2783 in the promoter sequence AF032908 (Tunny et al., Clin. Exp. Pharmacol Physiol, 
25:26-29, 1998). 

An ideal approach to disease prevention would be the identification of any genes 
25 that predispose an individual to certain diseases early enough to be able to counteract this 
predisposition. 

SUMMARY OF THE INVENTION 

The present inventor has discovered novel single nucleotide polymorphisms 
(SNPs) within the enodthelial constitutive nitric oxide synthase gene and associated 
30 regulatory regions. These polymorphisms are associated with the development of breast 
cancer, lung cancer, prostate cancer, non-insulin dependent diabetes (NIDDM), end stage 
renal disease due to non-insulin dependent diabetes (ESRD due to NIDDM), hypertension 
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(HTN), end stage renal disease due to hypertension (ESRD due to NIDDM), myocardial 
infarction (MI) (collectively known herein as the "Group I Diseases"), colon cancer, 
hypertension (HTN), atherosclerotic peripheral vascular disease due to hypertension 
(ASPVD due to HTN), cerebrovascular accident due to hypertension (CVA due to HTN), 
5 cataracts due to hypertension (cataracts due to HTN), cardiomyopathy with hypertension 
(HTN CM), myocardial infarction due to hypertension (MI due to HTN), non-insulin 
dependent diabetes mellitus (NIDDM), atherosclerotic peripheral vascular disease due to 
non-insulin dependent diabetes mellitus (ASPVD due to NIDDM), cerebrovascular 
accident due to non-insulin dependent diabetes mellitus (CVA due to NIDDM), ischemic 

10 cardiomyopathy (ischemic CM), ischemic cardiomyopathy with non-insulin dependent 
diabetes mellitus (ischemic CM with NIDDM), myocardial infarction due to non-insulin 
dependent diabetes mellitus (MI due to NCDDM), atrial fibrillation without valvular 
disease (afib without valvular disease), alcohol abuse, anxiety, asthma, chronic obstructive 
pulmonary disease (COPD), cholecystectomy, degenerative joint disease (DJD), end stage 

15 renal disease and frequent de-clots (ESRD and frequent de-clots), end stage renal disease 
due to focal segmental glomerular sclerosis (ESRD due to FSGS), end stage renal disease 
due to insulin dependent diabetes mellitus (ESRD due to IDDM), or seizure disorder 
(collectively known herein as the "Group II Diseases"). (To the extent that hypertension 
and non-insulin dependent diabetes are included in Group II as well as Group I, it is only 

20 for purposes of calculating odds ratios for diseases in Group II related to hypertension and 
non-insulin dependent diabetes). As such, these polymorphisms provide a method for 
diagnosing a genetic predisposition for the development of these diseases in individuals. 
Information obtained from the detection of SNPs associated with the development of these 
diseases is of great value in their treatment and prevention. 

25 Accordingly, one aspect of the present invention provides a method for diagnosing 

a genetic predisposition for breast cancer, lung cancer, prostate cancer, NIDDM, ESRD 
due to NIDDM, HTN, ESRD due to HTN, myocardial infarction, colon cancer, ASPVD 
due to HTN, CVA due to HTN, cataracts due to HTN, HTN CM, MI due to HTN, ASPVD 
due to NIDDM, CVA due to NIDDM, ischemic CM, ischemic CM with NIDDM, MI due 

30 to NIDDM, afib without valvular disease, alcohol abuse, anxiety, asthma, COPD, 

cholecystectomy, DJD, ESRD and frequent de-clots, ESRD due to FSGS, ESRD due to 
IDDM, or seizure disorder in a subject, comprising obtaining a sample containing at least 
one polynucleotide from the subject, and analyzing the polynucleotide to detect a genetic 
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polymorphism wherein said genetic polymorphism is associated with an increased risk of 
developing these diseases. 

Another aspect of the present invention provides an isolated nucleic acid sequence 
comprising at least 10 contiguous nucleotides from SEQ ID NO: 1, or its complement, 
5 wherein the sequence contains at least one polymorphic site associated with a disease and 
in particular breast cancer, lung cancer, prostate cancer, NIDDM, ESRD due to NIDDM, 
HTN, ESRD due to HTN, myocardial infarction, colon cancer, ASPVD due to HTN, CVA 
due to HTN, cataracts due to HTN, HTN CM, MI due to HTN, ASPVD due to NIDDM, 
CVA due to NIDDM, ischemic CM, ischemic CM with NIDDM, MI due to NIDDM, afib 
10 without valvular disease, alcohol abuse, anxiety, asthma, COPD, cholecystectomy, DJD, 
ESRD and frequent de-clots, ESRD due to FSGS, ESRD due to IDDM, or seizure 
disorder. 

Yet another aspect of the invention is a kit for the detection of a polymorphism 
comprising, at a minimum, at least one polynucleotide of at least 10 contiguous 

15 nucleotides of SEQ ID NO: 1, or its complement, wherein the polynucleotide contains at 
least one polymorphic site associated with a disease condition or disorder, and in 
particular breast cancer, lung cancer, prostate cancer, NIDDM, ESRD due to NIDDM, 
HTN, ESRD due to HTN, myocardial infarction, colon cancer, ASPVD due to HTN, CVA 
due to HTN, cataracts due to HTN, HTN CM, MI due to HTN, ASPVD due to NIDDM, 

20 CVA due to NEDDM, ischemic CM, ischemic CM with NIDDM, MI due to NIDDM, afib 
without valvular disease, alcohol abuse, anxiety, asthma, COPD, cholecystectomy, DJD, 
ESRD and frequent de-clots, ESRD due to FSGS, ESRD due to IDDM, or seizure 
disorder. 

Yet another aspect of the invention provides a method for treating a disease, 
25 condition or disorder in a subject, comprising obtaining a sample of biological material 
containing at least one polynucleotide from the subject; analyzing the polynucleotide to 
detect the presence of at least one polymorphism associated with the disease, condition or 
disorder; and treating the subject in such a way as to counteract the effect of any such 
polymorphism detected. 
30 Still another aspect of the invention provides a method for the prophylactic 

treatment of a subject with a genetic predisposition to a disease, condition or disorder 
comprising, obtaining a sample of biological material containing at least one 
polynucleotide from the subject; analyzing the polynucleotide to detect the presence of at 
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least one polymorphism associated with the disease, condition or disorder; and treating the 
subject in such a way as to counteract the effect of any polymorphism detected. 

Further scope of the applicability of the present invention will become apparent 
from the detailed description and drawings provided below. It should be understood, 
5 however, that the following detailed description and examples, while indicating preferred 
embodiments of the invention, are given by way of illustration only, since various changes 
and modifications within the spirit and scope of the invention will become apparent to 
those skilled in the art from the following detailed description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

10 These and other features, aspects, and advantages of the present invention will 

become better understood with regard to the following description, appended claims, and 
accompanying drawings where: 

Fig. 1 shows SEQ ID NO:l, the nucleotide sequence of the ecNOS gene as 
contained in GenBank (accession no. AF032908). Position of the single nucleotide 

1 5 polymorphism (SNP) is given using GenBank Accession Number AF032908 as the 
reference sequence. The first transcribed base is at position +3473 according to the 
numbering scheme of AF032908; the first translated base (the "A" of the ATG codon for 
Methionine) is at position +3494. Thus, position +637 according to the numbering scheme 
of AF032908 corresponds to position -2836 using the traditional numbering scheme, 

20 where +1 is the start of transcription. To translate from the numbering scheme of sequence 
AF032908 to the nucleotide's position relative to the transcription start site, simply 
subtract 3473 from the indicated position number, i.e. +637 (according to AF032908) - 
3473 = -2836 (according to transcription start site). 

DEFINITIONS 

25 bp = base pair 

kb = kilobase; 1 000 base pairs 

ecNOS = endothelial constitutive nitric oxide synthase 
iNOS = inducible nitric oxide synthase 
ESRD = end-stage renal disease 
30 HTN = hypertension 

NIDDM = noninsulin-dependent diabetes mellitus 
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CRF = chronic renal failure 

T-GF = tubulo-glomerular feedback 

CRG = compensatory renal growth 

MODY = maturity-onset diabetes of the young 
5 RFLP = restriction fragment length polymorphism 

MASDA = multiplexed allele-specific diagnostic assay 

MADGE = microliter array diagonal gel electrophoresis 

OLA = oligonucleotide ligation assay 

DOL = dye-labeled oligonucleotide ligation assay 
1 0 SNP = single nucleotide polymorphism 

PCR = polymerase chain reaction 

"Polynucleotide" and "oligonucleotide" are used interchangeably and mean a 

linear polymer of at least 2 nucleotides joined together by phosphodiester bonds and may 

consist of either ribonucleotides or deoxyribonucleotides. 
1 5 "Sequence" means the linear order in which monomers occur in a polymer, for 

example, the order of amino acids in a polypeptide or the order of nucleotides in a 

polynucleotide. 

"Polymorphism" refers to a set of genetic variants at a particular genetic locus 
among individuals in a population. 

20 "Promoter" means a regulatory sequence of DNA that is involved in the binding of 

RNA polymerase to initiate transcription of a gene. A "gene" is a segment of DNA 
involved in producing a peptide, polypeptide, or protein, including the coding region, non- 
coding regions preceding ("leader") and following ("trailer") coding region, as well as 
intervening non-coding sequences ("introns") between individual coding segments 

25 ("exons"). A promoter is herein considered as a part of the corresponding gene. Coding 
refers to the representation of amino acids, start and stop signals in a three base "triplet" 
code. Promoters are often upstream ("5* to") the transcription initiation site of the gene. 

"Gene therapy" means the introduction of a functional gene or genes from some 
source by any suitable method into a living cell to correct for a genetic defect. 

30 "Reference allele" or "reference type" means the allele designated in the GenBank 

sequence listing for a given gene, in this case GenBank Accession Number AF032908 for 
the ecNOS gene. 
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"Genetic variant" or "variant" means a specific genetic variant which is present at a 
particular genetic locus in at least one individual in a population and that differs from the 
reference type. 

As used herein the terms "patient" and "subject" are not limited to human beings, 
5 but are intended to include all vertebrate animals in addition to human beings. 

As used herein the terms "genetic predisposition", "genetic susceptibility" and 
"susceptibility" all refer to the likelihood that an individual subject will develop a 
particular disease, condition or disorder. For example, a subject with an increased 
susceptibility or predisposition will be more likely than average to develop a disease, 

10 while a subject with a decreased predisposition will be less likely than average to develop 
the disease. A genetic variant is associated with an altered susceptibility or predisposition 
if the allele frequency of the genetic variant in a population or subpopulation with a 
disease, condition or disorder varies from its allele frequency in the population without the 
disease, condition or disorder (control population) or a control sequence (reference type) 

15 by at least 1%, preferably by at least 2%, more preferably by at least 4% and more 
preferably still by at least 8%. Alternatively, an odds ratio of 1.5 was chosen as the 
threshold of significance based on the recommendation of Austin et al. in Epidemiol Rev., 
16:65-76, 1994. "[E]pidemiology in general and case-control studies in particular are not 
well suited for detecting weak associations (odds ratios < 1.5)." ML at 66. 

20 As used herein "isolated nucleic acid" means a species of the invention that is the 

predominate species present (i.e., on a molar basis it is more abundant than any other 
individual species in the composition). Preferably, an isolated nucleic acid comprises at 
least about 50, 80 or 90 percent (on a molar basis) of all macromolecular species present. 
Most preferably, the object species is purified to essential homogeneity (contaminant 

25 species cannot be detected in the composition by conventional detection methods). 

As used herein, "allele frequency" means the frequency that a given allele appears 
in a population. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

All publications, patents, patent applications and other references cited in this 
30 application are herein incorporated by reference in their entirety as if each individual 

publication, patent, patent application or other reference were specifically and individually 
indicated to be incorporated by reference. 
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Nitric oxide (NO) has been strongly implicated in apoptosis of endothelial 
(Bonfoco et aL, Proc. Natl Acad. Sci. USA, 92:7162-7166, 1995) and vascular smooth 
muscle cells (Nishio et aL, Biochem. Biophys. Res. Commun., 221:163-168, 1996). Nitric 
oxide, which is vasodilatory, antagonizes the vasoconstrictive effects of angiotensin II and 
5 endothelins. Since angiotensin II promotes renal injury, nitric oxide may protect against 
renal injury from systemic disease such as hypertension and non-insulin dependent 
diabetes mellitus (NIDDM; Bataineh and Raij, Kidney Int., 68:S140S19, 1998) Nitric 
oxide has also been implicated in the progression of renal disease in rats (Brooks and 
Contino, Pharmacology, 56:257-261, 1998) and humans (Noris and Remuzzi, Contrib. 

10 Nephrol 119:8-15, 1996; Kone, Am. J. Kidney Dis., 30:311-333, 1997; Aiello et aL, 

Kidney Int., 65:S63-S67, 1998; Raij, Hypertension, 31:189-193, 1998). The nitric oxide 
synthase genes are recognized candidate genes for hypertension, renal failure, and 
cardiovascular in general (Soubrier, Hypertension, 31:189-193, 1998) 

NO can directly oxidize (and activate) thiol-containing proteins such as NF-kB and 

15 AP-1 (Stamler, Cell, 78:931-936, 1994). NO can either promote apoptosis or prevent it. 
Above a threshold concentration, NO seems to stimulate apoptosis (Bonfoco et aL, Proc. 
Natl Acad. Set USA, 92:7162-7166, 1995; Stamler, Cell, 78:931-936, 1994). 

The highest amount of NO is made by the inducible NO synthase (iNOS, NOS II), 
which is fully active at the prevailing intracellular calcium concentration (Cai -100 nM), 

20 and, once induced, remains active for days, producing nanomolar amounts of NO (Yu et 
aL, Proc. Natl Acad. Sci. USA, 91:1691-1695, 1994). The cis regulatory sequences for 
iNOS are not fully known. However, a region of 1798 nucleotides (nt) immediately 
upstream (5') of the gene has been sequenced. Additional regulatory regions far upstream 
have been found in the human iNOS gene (de Vera ME et aL, Proc. Natl Acad. Sci. USA t 

25 93 : 1 054-1 059, 1 996), but have not yet been reported. Increased inducibility of iNOS 
would have conferred an important selection advantage, since iNOS is thought to be the 
major mechanism for immune cell-mediated killing of infectious agents such as parasites 
(e.g. malaria), bacteria, and viruses. 

An additional source of renal NO is endothelial constitutive NOS (ecNOS, NOS 

30 HI). ecNOS requires an elevation of Cai to be active, since it must bind calmodulin for 
activity. ecNOS, which produces picomolar amounts of NO, may thus seem an unlikely 
source of large amounts of NO, but it is specifically activated by shear stress (Awolesi et 
aL, Surgery, 1 16:439-445, 1994), and may be involved in arterial remodeling. Like 
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adenosine and endothelin-1, ecNOS may therefore account for the clinical observation that 
the rate of progression of CRF is proportional to the degree of hypertension. Single 
nucleotide variations in the 5' promoter region (1600 nt) of ecNOS might thus allow for 
increased induction. 

5 Novel Polymorphisms 

The human endothelial constitutive nitric oxide snythase (ecNOS,NOS3) gene 
promoter region resides on chromosome 7. The sequence of the ecNOS promoter has 
been published (GenBank accession # AF032908) (SEQ ID NO: 1). The present 
application provides 4 single nucleotide polymorphisms (SNPs) within the ecNOS 
10 promoter region. The location of these SNPs within the ecNOS promoter as well as the 
wild type and variant nucleotides are given in Table 25. 

Preparation of Samples 

The presence of genetic variants in the above gene or its control regions, or in any 
other genes that may affect susceptibility to disease is determined by screening nucleic 

1 5 acid sequences from a population of individuals for such variants. The population is 

preferably comprised of some individuals with the disease of interest, so that any genetic 
variants that are found can be correlated with disease. The population is also preferably 
comprised of some individuals that have known risk for the disease. The population 
should preferably be large enough to have a reasonable chance of finding individuals with 

20 the sought-after genetic variant. As the size of the population increases, the ability to find 
significant correlations between a particular genetic variant and susceptibility to disease 
also increases. 

The nucleic acid sequence can be DNA or RNA. For the assay of genomic DNA, 
virtually any biological sample containing genomic DNA (e.g. not pure red blood cells) 

25 can be used. For example, and without limitation, genomic DNA can be conveniently 

obtained from whole blood, semen, saliva, tears, urine, fecal material, sweat, buccal cells, 
skin or hair. For assays using cDNA or mRNA, the target nucleic acid must be obtained 
from cells or tissues that express the target sequence. One preferred source and quantity 
of DNA is 10 to 30 ml of anticoagulated whole blood, since enough DNA can be extracted 

30 from leukocytes in such a sample to perform many repetitions of the analysis 
contemplated herein. 
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Many of the methods described herein require the amplification of DNA from 
target samples. This can be accomplished by any method known in the art but preferably 
is by the polymerase chain reaction (PCR). Optimization of conditions for conducting 
PCR must be determined for each reaction and can be accomplished without undue 
5 experimentation by one of ordinary skill in the art. In general, methods for conducting 
PCR can be found in U.S. Patent Nos 4,965,188, 4,800,159, 4,683,202, and 4,683,195; 
Ausbel et al., eds., Short Protocols in Molecular Biology, 3 rd ed., Wiley, 1995; and Innis et 
al., eds., PCR Protocols, Academic Press, 1990. 

Other amplification methods include the ligase chain reaction (LCR)(see, Wu and 

10 Wallace, Genomics, 4:560-569, 1989; Landegren et al., Science, 241 : 1077-1 080, 1988), 

transcription amplification (Kwoh et al., Proc. Natl Acad. Set USA, 86:1173-1 177, 1989), 
self-sustained sequence replication (Guatelli et al., Proc. Natl Acad. Set. USA, 87:1874- 
1878, 1990), and nucleic acid based sequence amplification (NASBA). The latter two 
amplification methods involve isothermal reactions based on isothermal transcription, 

15 which produces both single stranded RNA (ssRNA) and double stranded DNA (dsDNA) 
as the amplification products in a ratio of about 30 or 100 to 1, respectively. 

Detection of Polymorphisms 

Detection of Unknown Polymorphisms 

Two types of detection are contemplated within the present invention. The first 
20 type involves detection of unknown SNPs by comparing nucleotide target sequences from 
individuals in order to detect sites of polymorphism. If the most common sequence of the 
target nucleotide sequence is not known, it can be determined by analyzing individual 
humans, animals or plants with the greatest diversity possible. Additionally the frequency 
of sequences found in subpopulations characterized by such factors as geography or 
25 gender can be determined. 

The presence of genetic variants and in particular SNPs is determined by screening 
the DNA and/or RNA of a population of individuals for such variants. If it is desired to 
detect variants associated with a particular disease or pathology, the population is 
preferably comprised of some individuals with the disease or pathology, so that any 
30 genetic variants that are found can be correlated with the disease of interest. It is also 

preferable that the population be composed of individuals with known risk factors for the 
disease. The populations should preferably be large enough to have a reasonable chance 
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to find correlations between a particular genetic variant and susceptibility to the disease of 
interest. In addition, the allele frequency of the genetic variant in a population or 
subpopulation with the disease or pathology should vary from its allele frequency in the 
population without the disease pathology (control population) or the control sequence 
5 (wild type) by at least 1%, preferably by at least 2%, more preferably by at least 4% and 
more preferably still by at least 8%. 

Determination of unknown genetic variants, and in particular SNPs, within a 
particular nucleotide sequence among a population may be determined by any method 
known in the art, for example and without limitation, direct sequencing, restriction length 

10 fragment polymorphism (RFLP), single-strand conformational analysis (SSCA), 

denaturing gradient gel electrophoresis (DGGE), heteroduplex analysis (HET), chemical 
cleavage analysis (CCM) and ribonuclease cleavage. 

Methods for direct sequencing of nucleotide sequences are well known to those 
skilled in the art and can be found for example in Ausubel et al., eds., Short Protocols in 

15 Molecular Biology, 3 rd ed., Wiley, 1995 and Sambrook et al., Molecular Cloning, 2 nd ed., 
Chap. 13, Cold Spring Harbor Laboratory Press, 1989. Sequencing can be carried out by 
any suitable method, for example, dideoxy sequencing (Sanger et al., Proc. Natl. Acad. 
Set USA, 74:5463-5467, 1977), chemical sequencing (Maxam and Gilbert, Proc. Natl. 
Acad. Sci. USA, 74:560-564, 1977) or variations thereof. Direct sequencing has the 

20 advantage of determining variation in any base pair of a particular sequence. 

RFLP analysis (see, e.g. U.S. Patents No. 5,324,631 and 5,645,995) is usefid for 
detecting the presence of genetic variants at a locus in a population when the variants 
differ in the size of a probed restriction fragment within the locus, such that the difference 
between the variants can be visualized by electrophoresis. Such differences will occur 

25 when a variant creates or eliminates a restriction site within the probed fragment. RFLP 
analysis is also useful for detecting a large insertion or deletion within the probed 
fragment. Thus, RFLP analysis is useful for detecting, e.g., an Alu sequence insertion or 
deletion in a probed DNA segment. 

Single-strand conformational polymorphisms (SSCPs) can be detected in <220 bp 

30 PCR amplicons with high sensitivity (Orita et al, Proc. Natl. Acad. Sci. USA, 86:2766- 

2770, 1989; Warren et al., In: Current Protocols in Human Genetics, Dracopoli et al., eds, 
Wiley, 1994, 7.4.1-7.4.6.). Double strands are first heat-denatured. The single strands are 
then subjected to polyacrylamide gel electrophoresis under non-denaturing conditions at 
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constant temperature (i.e. low voltage and long run times) at two different temperatures, 
typically 4-10°C and 23°C (room temperature). At low temperatures (4-1 0°C), the 
secondary structure of short single strands (degree of intrachain hairpin formation) is 
sensitive to even single nucleotide changes, and can be detected as a large change in 
5 electrophoretic mobility. The method is empirical, but highly reproducible, suggesting the 
existence of a very limited number of folding pathways for short DNA strands at the 
critical temperature. Polymorphisms appear as new banding patterns when the gel is 
stained. 

Denaturing gradient gel electrophoresis (DGGE) can detect single base mutations 
1 0 based on differences in migration between homo- and heteroduplexes (Myers et al., 

Nature, 313:495-498, 1985). The DNA sample to be tested is hybridized to a labeled wild 
type probe. The duplexes formed are then subjected to electrophoresis through a 
polyacrylamide gel that contains a gradient of DNA denaturant parallel to the direction of 
electrophoresis. Heteroduplexes formed due to single base variations are detected on the 
1 5 basis of differences in migration between the heteroduplexes and the homoduplexes 
formed. 

In heteroduplex analysis (HET)(Keen et al., Trends Genet 7:5, 1991), genomic 
DNA is amplified by the polymerase chain reaction followed by an additional denaturing 
step which increases the chance of heteroduplex formation in heterozygous individuals. 

20 The PCR products are then separated on Hydrolink gels where the presence of the 
heteroduplex is observed as an additional band. 

Chemical cleavage analysis (CCM)is based on the chemical reactivity of thymine 
(T) when mismatched with cytosine, guanine or thymine and the chemical reactivity of 
cytosine(C) when mismatched with thymine, adenine or cytosine (Cotton et al., Proc. Natl 

25 Acad.ScL USA, 85:4397-4401, 1988). Duplex DNA formed by hybridization of a wild 
type probe with the DNA to be examined, is treated with osmium tetroxide for T and C 
mismatches and hydroxylamine for C mismatches. T and C mismatched bases that have 
reacted with the hydroxylamine or osmium tetroxide are then cleaved with piperidine. 
The cleavage products are then analyzed by gel electrophoresis. 

30 Ribonuclease cleavage involves enzymatic cleavage of RNA at a single base 

mismatch in an RNA:DNA hybrid (Myers et al., Science 230:1242-1246, 1985). A 32 P 
labeled RNA probe complementary to the wild type DNA is annealed to the test DNA and 
then treated with ribonuclease A. If a mismatch occurs, ribonuclease A will cleave the 
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RNA probe and the location of the mismatch can then be determined by size analysis of 
the cleavage products following gel electrophoresis. 

Detection of Known Polymorphisms 

The second type of polymorphism detection involves determining which form of a 
5 known polymorphism is present in individuals for diagnostic or epidemiological purposes. 
In addition to the already discussed methods for detection of polymorphisms, several 
methods have been developed to detect known SNPs. Many of these assays have been 
reviewed by Landegren et al., Genome Res. 9 8:769-776, 1998, and will only be briefly 
reviewed here. 

10 One type of assay has been termed an array hybridization assay, an example of 

which is the multiplexed allele-specific diagnostic assay (MASDA) 
(U.S. Patent No. 5,834,181; Shuber et al., Hum, Molec. Genet, 6:337-347, 1997). In 
MASDA, samples from multiplex PCR are immobilized on a solid support. A single 
hybridization is conducted with a pool of labeled allele specific oligonucleotides (ASO). 

15 Any ASO that hybridizes to the samples are removed from the pool of ASOs. The support 
is then washed to remove unhybridized ASOs remaining in the pool. Labeled ASO 
remaining on the support are detected and eluted from the support. The eluted ASOs are 
then sequenced to determine the mutation present. 

Two assays depend on hybridization-based allele-discrimination during PCR. The 

20 TaqMan assay (U.S. Patent No. 5,962,233; Livak et al., Nature Genet, 9:341-342, 1995) 
uses allele specific (ASO) probes with a donor dye on one end and an acceptor dye on the 
other end such that the dye pair interact via fluorescence resonance energy transfer 
(FRET). A target sequence is amplified by PCR modified to include the addition of the 
labeled ASO probe. The PCR conditions are adjusted so that a single nucleotide 

25 difference will effect binding of the probe. Due to the 5* nuclease activity of the Taq 

polymerase enzyme, a perfectly complementary probe is cleaved during the PCR while a 
probe with a single mismatched base is not cleaved. Cleavage of the probe dissociates the 
donor dye from the quenching acceptor dye, greatly increasing the donor fluorescence. 
An alternative to the TaqMan assay is the molecular beacons assay (U.S. Patent 

30 No. 5,925,517; Tyagi et al., Nature Biotech,, 16:49-53, 1998). In the molecular beacons 
assay, the ASO probes contain complementary sequences flanking the target specific 
species so that a hairpin structure is formed. The loop of the hairpin is complimentary to 
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the target sequence while each arm of the hairpin contains either donor or acceptor dyes. 
When not hybridized to a donor sequence, the hairpin structure brings the donor and 
acceptor dye close together thereby extinguishing the donor fluorescence. When 
hybridized to the specific target sequence, however, the donor and acceptor dyes are 
5 separated with an increase in fluorescence of up to 900 fold. Molecular beacons can be 
used in conjunction with amplification of the target sequence by PCR and provide a 
method for real time detection of the presence of target sequences or can be used after 
amplification. 

High throughput screening for SNPs that affect restriction sites can be achieved by 

10 Microtiter Array Diagonal Gel Electrophoresis (MADGE)(Day and Humphries, Anal 
Biochem., 222:389-395, 1994). In this assay restriction fragment digested PCR products 
are loaded onto stackable horizontal gels with the wells arrayed in a microtiter format. 
During electrophoresis, the electric field is applied at an angle relative to the columns and 
rows of the wells allowing products from a large number of reactions to be resolved. 

15 Additional assays for SNPs depend on mismatch distinction by polymerases and 

ligases. The polymerization step in PCR places high stringency requirements on correct 
base pairing of the 3 ' end of the hybridizing primers. This has allowed the use of PCR for 
the rapid detection of single base changes in DNA by using specifically designed 
oligonucleotides in a method variously called PCR amplification of specific alleles 

20 (PASA)(Sommer et al., Mayo Clin. Proc, 64: 1361-1372 1989; Sarker et al., Anal 
Biochem. 1990), allele-specific amplification (ASA), allele-specific PCR, and 
amplification refractory mutation system (ARMS)(Newton et al., Nuc. Acids Res., 1989; 
Nichols et al., Genomics, 1989; Wu et al., Proc. Natl Acad. Sci. USA, 1989). In these 
methods, an oligonucleotide primer is designed that perfectly matches one allele but 

25 mismatches the other allele at or near the 3' end. This results in the preferential 
amplification of one allele over the other. By using three primers that produce two 
differently sized products, it can be determine whether an individual is homozygous or 
heterozygous for the mutation (Dutton and Sommer, BioTechniques, 1 1 :700-702, 1991). 
In another method, termed bi-PAS A, four primers are used; two outer primers that bind at 

30 different distances from the site of the SNP and two allele specific inner primers (Liu et 
al., Genome Res., 7:389-398, 1997). Each of the inner primers have anon- 
complementary 5' end and form a mismatch near the 3' end if the proper allele is not 
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present. Using this system, zygosity is determined based on the size and number of PCR 
products produced. 

The joining by DNA ligases of two oligonucleotides hybridized to a target DNA 
sequence is quite sensitive to mismatches close to the ligation site, especially at the 3' end. 
5 This sensitivity has been utilized in the oligonucleotide ligation assay (Landegren et al., 
Science, 241:1077-1080, 1988) and the ligase chain reaction (LCR; Barany, Proc. Natl. 
Acad. Set USA, 88:189-193, 1991). In OLA, the sequence surrounding the SNP is first 
amplified by PCR, whereas in LCR, genomic DNA can by used as a template. 

In one method for mass screening for SNPs based on the OLA, amplified DNA 

10 templates are analyzed for their ability to serve as templates for ligation reactions between 
labeled oligonucleotide probes (Samotiaki et al., Genomics, 20:238-242, 1994). In this 
assay, two allele-specific probes labeled with either of two lanthanide labels (europium or 
terbium) compete for ligation to a third biotin labeled phosphorylated oligonucleotide and 
the signals from the allele specific oligonucleotides are compared by time-resolved 

15 fluorescence. After ligation, the oligonucleotides are collected on an avidiri-coated 96-pin 
capture manifold. The collected oligonucleotides are then transferred to microtiter wells 
in which the europium and terbium ions are released. The fluorescence from the europium 
ions is determined for each well, followed by measurement of the terbium fluorescence. 
In alternative gel-based OLA assays, numerous SNPs can be detected 

20 simultaneously using multiplex PCR and multiplex ligation (U.S. Patent No. 5,830,71 1 ; 
Day et al., Genomics, 29:152-162, 1995; Grossman et al., Nuc. Acids Res., 22:4527-4534, 
1994). In these assays, allele specific oligonucleotides with different markers, for 
example, fluorescent dyes, are used. The ligation products are then analyzed together by 
electrophoresis on an automatic DNA sequencer distinguishing markers by size and alleles 

25 by fluorescence. In the assay by Grossman et al., 1994, mobility is further modified by the 
presence of a non-nucleotide mobility modifier on one of the oligonucleotides. 

A further modification of the ligation assay has been termed the dye-labeled 
oligonucleotide ligation (DOL) assay (U.S. Patent No. 5,945,283; Chen et al., Genome 
Res., 8:549-556, 1998). DOL combines PCR and the oligonucleotide ligation reaction in a 

30 two-stage thermal cycling sequence with fluorescence resonance energy transfer (FRET) 
detection. In the assay, labeled ligation oligonucleotides are designed to have annealing 
temperatures lower than those of the amplification primers. After amplification, the 
temperature is lowered to a temperature where the ligation oligonucleotides can anneal 
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and be ligated together. This assay requires the use of a thermostable ligase and a 
thermostable DNA polymerase without 5' nuclease activity. Because FRET occurs only 
when the donor and acceptor dyes are in close proximity, ligation is inferred by the change 
in fluorescence. 

5 In another method for the detection of SNPs termed minisequencing, the target- 

dependent addition by a polymerase of a specific nucleotide immediately downstream (3') 
to a single primer is used to determine which allele is present (U.S Patent No. 5,846,710). 
Using this method, several SNPs can be analyzed in parallel by separating locus specific 
primers on the basis of size via electrophoresis and detennining allele specific 

1 0 incorporation using labeled nucleotides. 

Determination of individual SNPs using solid phase minisequencing has been 
described by Syvanen et al., Am. J. Hum. Genet, 52:46-59, 1993. In this method the 
sequence including the polymorphic site is amplified by PCR using one amplification 
primer which is biotinylated on its 5' end. The biotinylated PCR products are captured in 

15 streptavidin-coated microtitration wells, the wells washed, and the captured PCR products 
denatured. A sequencing primer is then added whose 3 9 end binds immediately prior to 
the polymorphic site, and the primer is elongated by a DNA polymerase with one single 
labeled dNTP complementary to the nucleotide at the polymorphic site. After the 
elongation reaction, the sequencing primer is released and the presence of the labeled 

20 nucleotide detected. Alternatively, dye labeled dideoxynucleoside triphosphates (ddNTPs) 
can be used in the elongation reaction (U.S. Patent No. 5,888,819; Shumaker et al., Human 
Mut., 7:346-354, 1996). In this method, incorporation of the ddNTP is determined using 
an automatic gel sequencer. 

Minisequencing has also been adapted for use with microarrays (Shumaker et al., 

25 Human Mut., 7:346-354, 1996). In this case, elongation (extension) primers are attached 
to a solid support such as a glass slide. Methods for construction of oligonucleotide arrays 
are well known to those of ordinary skill in the art and can be found, for example, in 
Nature Genetics, Suppl., 21, January, 1999. PCR products are spotted on the array and 
allowed to anneal. The extension (elongation) reaction is carried out using a polymerase, 

30 a labeled dNTP and noncompeting ddNTPs. Incorporation of the labeled dNTP is then 
detected by the appropriate means. In a variation of this method suitable for use with 
multiplex PCR, extension is accomplished with the use of the appropriate labeled ddNTP 
and unlabeled ddNTPs (Pastinen et al., Genome Res., 7:606-614, 1997). 
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Solid phase minisequencing has also been used to detect multiple polymorphic 
nucleotides from different templates in an undivided sample (Pastinen et al., Clin. Chem. 9 
42:1391-1397, 1996). In this method, biotinylated PCR products are captured on the 
avidin-coated manifold support and rendered single stranded by alkaline treatment. The 
5 manifold is then placed serially in four reaction mixtures containing extension primers of 
varying lengths, a DNA polymerase and a labeled ddNTP, and the extension reaction 
allowed to proceed. The manifolds are inserted into the slots of a gel containing 
formamide which releases the extended primers from the template. The extended primers 
are then identified by size and fluorescence on a sequencing instrument. 

10 Fluorescence resonance energy transfer (FRET) has been used in combination with 

minisequencing to detect SNPs (U.S. Patent No. 5,945,283; Chen et al., Proc. Natl. Acad. 
Set USA, 94:10756-10761, 1997). In this method, the extension primers are labeled with 
a fluorescent dye, for example fluorescein. The ddNTPs used in primer extension are 
labeled with an appropriate FRET dye. Incorporation of the ddNTPs is determined by 

15 changes in fluorescence intensities. 

The above discussion of methods for the detection of SNPs is exemplary only and 
is not intended to be exhaustive. Those of ordinary skill in the art will be able to envision 
other methods for detection of SNPs that are within the scope and spirit of the present 
invention. 

20 In one embodiment the present invention provides a method for diagnosing a 

genetic predisposition for a disease. In this method, a biological sample is obtained from a 
subject. The subject can be a human being or any vertebrate animal. The biological 
sample must contain polynucleotides and preferably genomic DNA. Samples that do not 
contain genomic DNA, for example, pure samples of mammalian red blood cells, are not 

25 suitable for use in the method. The form of the polynucleotide is not critically important 
such that the use of DNA, cDNA, RNA or mRNA is contemplated within the scope of the 
method. The polynucleotide is then analyzed to detect the presence of a genetic variant 
where such variant is associated with an increased risk of developing a disease, condition 
or disorder, and in particular breast cancer, lung cancer, prostate cancer, NIDDM, ESRD 

30 due to NIDDM, HTN, ESRD due to HTN, myocardial infarction, colon cancer, ASPVD 
due to HTN, CVA due to HTN, cataracts due to HTN, HTN CM, MI due to HTN, ASPVD 
due to NIDDM, CVA due to NIDDM, ischemic CM, ischemic CM with NIDDM, MI due 
to NIDDM, afib without valvular disease, alcohol abuse, anxiety, asthma, COPD, 
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cholecystectomy, DJD, ESRD and frequent de-clots, ESRD due to FSGS, ESRD due to 
IDDM, or seizure disorder. In one embodiment, the genetic variant is located at one of the 
polymorphic sites contained in Table 25. In another embodiment, the genetic variant is 
one of the variants contained in Table 25 or the complement of any of the variants 
5 contained in Table 25. Any method capable of detecting a genetic variant, including any 
of the methods previously discussed, can be used. Suitable methods include, but are not 
limited to, those methods based on sequencing, mini sequencing, hybridization, restriction 
fragment analysis, oligonucleotide ligation, or allele specific PCR. 

The present invention is also directed to an isolated nucleic acid sequence of at 

1 0 least 1 0 contiguous nucleotides from SEQ ID NO: 1 or the complement of SEQ ID NO: 1 . 
In one preferred embodiment, the sequence contains at least one polymorphic site 
associated with a disease, and in breast cancer, lung cancer, prostate cancer, NIDDM, 
ESRD due to NIDDM, HTN, ESRD due to HTN, myocardial infarction, colon cancer, 
ASPVD due to HTN, C VA due to HTN, cataracts due to HTN, HTN CM, MI due to HTN, 

1 5 ASPVD due to NIDDM, C VA due to NIDDM, ischemic CM, ischemic CM with NIDDM, 
MI due to NIDDM, afib without valvular disease, alcohol abuse, anxiety, asthma, COPD, 
cholecystectomy, DJD, ESRD and frequent de-clots, ESRD due to FSGS, ESRD due to 
IDDM, or seizure disorder. In one embodiment, the polymorphic site is selected from the 
group contained in Table 25. In another embodiment, the polymorphic site contains a 

20 genetic variant, and in particular, the genetic variants contained in Table 25 or the 

complements of the variants in Table 25. In yet another embodiment, the polymorphic 
site, which may or may not also include a genetic variant, is located at the 3' end of the 
polynucleotide. In still another embodiment, the polynucleotide further contains a 
detectable marker. Suitable markers include, but are not limited to, radioactive labels, 

25 such as radionuclides, fluorophores or fluorochromes, peptides, enzymes, antigens, 
antibodies, vitamins or steroids. 

The present invention also includes kits for the detection of polymorphisms 
associated with diseases, conditions or disorders, and in particular breast cancer, lung 
cancer, prostate cancer, NIDDM, ESRD due to NIDDM, HTN, ESRD due to HTN, 

30 myocardial infarction, colon cancer, ASPVD due to HTN, CVA due to HTN, cataracts due 
to HTN, HTN CM, MI due to HTN, ASPVD due to NIDDM, CVA due to NIDDM, 
ischemic CM, ischemic CM with NIDDM, MI due to NIDDM, afib without valvular 
disease, alcohol abuse, anxiety, asthma, COPD, cholecystectomy, DJD, ESRD and 
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frequent de-clots, ESRD due to FSGS, ESRD due to IDDM, or seizure disorder. The kits 
contain, at a minimum, at least one polynucleotide of at least 10 contiguous nucleotides of 
SEQ ID NO: 1 or the complement of SEQ ID NO: 1. In one embodiment, the 
polynucleotide contains at least one polymorphic site, preferably a polymorphic site 
5 selected from the group contained in Table 25. Alternatively the 3' end of the 

polynucleotide is immediately 5' to a polymorphic site, preferably a polymorphic site 
contained in Table 25. In one embodiment, the polymorphic site contains a genetic 
variant, preferably a genetic variant selected from the group contained in Table 25. In still 
another embodiment, the genetic variant is located at the 3' end of the polynucleotide. In 
10 yet another embodiment, the polynucleotide of the kit contains a detectable label. Suitable 
labels include, but are not limited to, radioactive labels, such as radionuclides, 
fluorophores or fluorochromes, peptides, enzymes, antigens, antibodies, vitamins or 
steroids. 

In addition, the kit may also contain additional materials for detection of the 
1 5 polymorphisms. For example, and without limitation, the kits may contain buffer 

solutions, enzymes, nucleotide triphosphates, and other reagents and materials necessary 
for the detection of genetic polymorphisms. Additionally, the kits may contain 
instructions for conducting analyses of samples for the presence of polymorphisms and for 
interpreting the results obtained. 

In yet another embodiment the present invention provides a method for designing a 
treatment regime for a patient having a disease, condition or disorder caused either directly 
or indirectly by the presence of one or more single nucleotide polymorphisms. In this 
method genetic material from a patient, for example, DNA, cDNA, RNA or mRNA is 
screened for the presence of one or more SNPs associated with the disease of interest. 
Depending on the type and location of the SNP, a treatment regime is designed to 
counteract the effect of the SNP. For example and without limitation, genetic material 
from a patient suffering from end-stage renal disease (ESRD) can be screened for the 
presence of SNPs associated with ESRD. If one or more of the SNPs found disrupt a 
sequence in the ecNOS promoter region, such that there is less nitric oxide (NO) produced 
in tissues such as endothelial cells, a treatment, such as oral administration of L-arginine, a 
substrate for nitric oxide production, is devised to counteract the decreased nitric oxide 
production due to the SNP. 
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Alternatively, information gained from analyzing genetic material for the presence 
of polymorphisms can be used to design treatment regimes involving gene therapy. For 
example, detection of a polymorphism that either affects the expression of a gene or 
results in the production of a mutant protein can be used to design an artificial gene to aid 
5 in the production of normal, wild type protein or help restore normal gene expression. 
Methods for the construction of polynucleotide sequences encoding proteins and their 
associated regulatory elements are well know to those of ordinary skill in the art. Once 
designed, the gene can be placed in the individual by any suitable means known in the art. 
(Gene Therapy Technologies, Applications and Regulations, Meager, ed., Wiley, 1999; 

10 Gene Therapy: Principles and Applications, Blankenstein, ed., Birkhauser Verlag, 1999; 
Jain, Textbook of Gene Therapy, Hogrefe and Huber, 1998). 

The present invention is also useful in designing prophylactic treatment regimes 
for patients determined to have an increased susceptibility to a disease, condition or 
disorder due to the presence of one or more single nucleotide polymorphisms. In this 

15 embodiment, genetic material, such as DNA, cDNA, RNA or mRNA, is obtained from a 
patient and screened for the presence of one or more SNPs associated either directly or 
indirectly to a disease, condition, disorder or other pathological condition. Based on this 
information, a treatment regime can be designed to decrease the risk of the patient 
developing the disease. Such treatment can include, but is not limited to, surgery, the 

20 administration of pharmaceutical compounds or nutritional supplements, and behavioral 
changes such as improved diet, increased exercise, reduced alcohol intake, smoking 
cessation, etc. 

For example, and without limitation, a patient with an increased risk of developing 
renal disease due to the presence of a SNP in the ecNOS promoter could be given 
25 treatment to increase the production of nitric oxide (NO) by, for example the oral 
administration of L-arginine, thus reducing the risk of developing renal disease. 

EXAMPLES 

Position of the single nucleotide polymorphism (SNP) is given according to the 
numbering scheme in GenBank Accession Number AF032908. Thus, all nucleotides will 
30 be positively numbered, rather than bear negative numbers reflecting their position 

upstream from the transcription initiation site, a scheme often used for promoters. The 
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two numbering systems can be easily interconverted, if necessary. GenBank sequences 

can be found at http://www.ncbi.nlrq.nih.gov/ 

In the following examples, SNPs are written as "reference sequence" (or "wild 
type") nucleotide" ^ 'Variant nucleotide." Changes in nucleotide sequences are indicated 
5 in bold print. The standard nucleotide abbreviations are used in which A=adenine, 

C=cytosine, G-guanine, Thymine, M-A or C, R-A or G, W=A or T, S=C or G, Y=C or 
T,K=G or T, V=A or C or G, H=A or C or T; D=A or G or T; B=Cor Gor T;N=AorC 
or G or T 

EXAMPLE 1 

10 Amplification of ecNQS promoter genomic DNA 

Leukocytes were obtained from human whole blood collected with EDTA as an 
anticoagulant. Blood was obtained from a group of black men, black women, white men, 
and white women without any known disease. Blood was also obtained from individuals 
breast cancer, lung cancer, prostate cancer, NIDDM, ESRD due to NIDDM, HTN, ESRD 
15 due to HTN, myocardial infarction, colon cancer, ASPVD due to HTN, CVA due to HTN, 
cataracts due to HTN, HTN CM, MI due to HTN, ASPVD due to NIDDM, CVA due to 
NIDDM, ischemic CM, ischemic CM with NIDDM, MI due to NIDDM, afib without 
valvular disease, alcohol abuse, anxiety, asthma, COPD, cholecystectomy, DJD, ESRD 
and frequent de-clots, ESRD due to FSGS, ESRD due to IDDM, or seizure disorder as 
indicated in the tables below. 

Genomic DNA was purified from the collected leukocytes using standard protocols 
well known to those of ordinary skill in the art of molecular biology (Ausubel et aL, Short 
Protocols in Molecular Biology, 3 rd ed, John Wiley & Sons, 1995; Sambrook et aL, 
Molecular Cloning, Cold Spring Harbor Laboratory Press, 1989; and Davis et aL, Basic 
Methods in Molecular Biology, Elsevier Science Publishing, 1986). DNA encoding the 
ecNOS promoter region was amplified by polymerase chain reaction (PCR). One hundred 
nanograms of purified genomic DNA was used in each PCR reaction. 

Standard PCR reaction conditions were used. Methods for conducting PCR are 
well known in the art and can be found, for example, in U.S. Patent Nos 4,965,188, 
4,800,159, 4,683,202, and 4,683,195; Ausbel et aL, eds., Short Protocols in Molecular 
Biology, 3 rd ed., Wiley, 1995; and Innis et aL, eds., PCR Protocols, Academic Press, 1990. 
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One set of primers were used to span the ecNOS promoter region, The sequence of the 
forward primer is 5' GAG TCT GGC CAA CAC AAA TCC 3'. (SEQ ID NO: 2). The 
sequence of the reverse primer is 5' CTC TAG GGT CAT GCA GGT TCT C 3\ (SEQ ID 
NO: 3). The PCR product spanned positions +2356 to +3010 of the ecNOS promoter 
5 These primers were chosen to have a melting temperature (Tm) close to 59°C. For 

the information derived for the Group I Diseases, PCR was performed according to the 
following protocol: 4 min at 95°C; 29 cycles, each consisting of 40 seconds denaturation at 
95°C, 20 seconds annealing at 59°C, and 1 min extension at 73°C; followed by final 
extension for 4 min at 73°C. For the information derived for the Group II Diseases, PCR 

10 was performed according to the following protocol: 5 min at 94°C; 45 cycles, each 
consisting of 45 seconds denaturation at 94°C, 45 seconds annealing at 64°C, and 45 
seconds extension at 72°C; followed by final extension for 10 min at 72°C. 

PCR product was purified on a Qiagen column to remove unreacted dNTPs, Taq 
polymerase, etc., and then subjected to cycle sequencing using a Perkin-Elmer dye 

15 terminator (BigDye), and the same primers as in the original PCR. Sequencing product 
was purified free of unincorporated dye by precipitation, and loaded onto a slab gel of an 
ABI 377 machine. Peaks were analyzed by eye for heterozygosity, as well as by the 
Sequencher software program. Gel traces were discarded if they did not meet strict 
criteria. Samples were run in uniplex fashion (one sample per lane). The information for 

20 the Group I Diseases was derived from genes sequenced through cycle sequencing. 

The SNP typing for the Group II Diseases was accomplished through a method 
called pyrosequencing. Pyrosequencing is a method of sequencing DNA by synthesis, 
where the addition of one of the four dNTPs that correctly matches the complementary 
base on the template strand is detected. Detection occurs via utilization of the 

25 pyrophosphate molecules liberated upon the addition of bases to the elongating synthetic 
strand. The pyrophosphate molecules are used to make ATP, which in turn drives the 
emission of photons in a luciferin/luciferase reaction, and these photons are detected by 
the pyrosequencing instrument. 

A Luc96 Pyrosequencer (Pyrosequencing AB, Uppsala, Sweden) was used under 

30 default operating conditions supplied by the manufacturer. Primers were designed to 
anneal within 5 bases of the polymorphism, to serve as sequencing primers. Patient 
genomic DNA was subject to PCR using amplifying primers that amplify an 
approximately 200 base pair amplicon containing the polymorphisms of interest. One of 
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the amplifying primers, with orientation opposite to the sequencing primer, was 
biotinylated. This allowed the selection of a single stranded template for pyrosequencing, 
whose orientation was complementary to the sequencing primer. 

Amplicons prepared from genomic DNA were isolated by binding to streptavidin- 
5 coated magnetic beads according to the manufacturer's protocol (Dynal, Oslo, Norway; 
US office: Lake Success, NY). After denaturation in NaOH, the biotinylated strands were 
separated from their complementary strands using magnets. After washing the magnetic 
beads, the biotinylated template strands still bound to the beads were transferred to 96- 
well plates. 

10 The sequencing primers were added, annealing was carried out at 95° for 2 

minutes, and plates were placed in the Pyrosequencer. The enzymes, substrates and 
dNTPs used for synthesis and pyrophosphate detection were added to the instrument 
immediately prior to sequencing. The Luc96 software requires definition of a program of 
adding the four dNTPs that is specific for the location of the sequencing primer, the DNA 

15 composition flanking the SNP, and the two possible alleles at the polymorphic locus. This 
order of adding the bases generates theoretical outcomes of light intensity patterns for each 
of the two possible homozygous states and the single heterozygous state. The Luc96 
software then compares the actual outcome to the theoretical outcome and calls a genotype 
for each well. Each sample is also assigned one of three confidence scores: pass, 

20 uncertain, fail. The results for each plate are outputted as a text file and processed in 

Excel using a Visual Basic program to generate a report of genotype and allele frequencies 
for the various disease and population cell groupings represented on the 96 well plate. 
A summary of the polymorphisms detected can be found in Table 25. 



25 EXAMPLE 2 

G to A Transition at Position 2548 of Human ecNOS Promoter 

Table 1 



ALLELE FREQUENCIES FOR GROUP I DISEASES 




G 


A 


CONTROL 






Black men (n=84 chromosomes) 


10 (12%) 


74 (88%) 


Black women (n=74 chromosomes) 


18 (24%) 


56 (76%) 


White men (n=88 chromosomes) 


31 (35%) 


57 (65%) 


White women (n=106 chromosomes) 


35 (34%) 


71 (66%) 
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DISEASE 


BREAST CANCER 


Black women (n=40 chromosomes) 


7 (18%) 


33 (82%) 


White women (n=38 chromosomes) 


12 (32%) 


26 (68%) 


LUNG CANCER 


Black men (n=40 chromosomes) 


5 (13%) 


35 (87%) 


Black women (n=32 chromosomes) 


6 (19%) 


26 (81%) 


White men (n=40 chromosomes) 


17 (43%) 


23 (57%) 


White women (n=22 chromosomes) 


8 (36%) 


14 (64%) 


PROSTATE CANCER 


Black men (n=40 chromosomes) 


12 (30%) 


28 (70%) 


White men (n=40 chromosomes) 


18 (45%) 


22 (55%) 


NIDDM 


Black men (n=4 chromosomes) 


1 (25%) 


3 (75%) 


Black women (n=6 chromosomes) 


1 (17%) 


5 (83%) 


White men (n=8 chromosomes) 


0 (0%) 


8(100%) 


White women (n=20 chromosomes) 


5 (25%) 


15 (75%) 


ESRD due to NIDDM 


Black men (n=12 chromosomes) 


1 (8%) 


11 (92%) 


Black women (n=16 chromosomes) 


2 (13%) 


14 (88%) 


White men (h=10 chromosomes) 


2 (20%) 


8 (80%) 


White women (n=8 chromosomes) 


2 (25%) 


6 (75%) 


HYPERTENSION (HTN) 


Black men (n=24 chromosomes) 


3 (13%) 


21 (87%) 


Black women (n=24 chromosomes) 


2 (8%) 


22 (92%) 


White men (n=22 chromosomes) 


7 (32%) 


15 (68%) 


White women (n=20 chromosomes) / 


8 (40%) 


12 (60%) 


ESRD due to HTN 


Black men (n=20 chromosomes) 


4 (20%) 


16 (80%) 


Black women (n=18 chromosomes) 


0 (0%) 


18(100%) 


White men (n=18 chromosomes) 


5 (28%) 


13 (72%) 


White women (n=18 chromosomes) 


3 (17%) 


15 (83%) 


MYOCARDIAL INFARCTION 


White women (n=16 chromosomes) 


5 (31%) 


11 (69%) 



Table 2 

ALLELE FREQUENCY FOR GROUP II DISEASES 





mmm m 


4 •jiffifrj* 


M 


r MM 


m 


Piii 




mmwmm 


90 


16 


17.8% 


74 


82.2% 


Controls 


African-American 


Caucasian 


94 


33 


35.1% 


61 


64.9% 


Colon cancer 


African-American 


48 


7 


14.6% 


41 


85.4% 


Caucasian 


44 


11 


25.0% 


33 


75.0% 


Hypertension 


African-American 


46 


4 


8.7% 


42 


91.3% 
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G j 


;N 


#A £ 


ASPVD due to HTN 


African-American 


54 


4 


7.4% 


50 


92.6% 


Caucasian 


50 


13 


26.0% 


37 


74.0% 


CVA due to HTN 


African- American 


48 


9 


18.8% 


39 


81.3% 


Caucasian 


48 


16 


33.3% 


32 


66.7% 


Cataracts due to HTN 


African-American 


48 


4 


8.3% 


44 


91.7% 


Caucasian 


44 


11 


25.0% 


33 


75.0% 


HTN CM 


African-American 


48 


9 


18.8% 


39 


81.3% 


MI due to HTN 


African-American 


42 


6 


14.3% 


36 


85.7% 


Caucasian 


46 


13 


28.3% 


33 


71.7% 


NIDDM 


African-American 


48 


2 


4.2% 


46 


95.8% 


Caucasian 


48 


12 


25.0% 


36 


75.0% 


ASPVD due to NIDDM 


African-American 


48 


5 


10.4% 


43 


89.6% 


Caucasian 


48 


9 


18.8% 


39 


81.3% 


CVA due to NIDDM 


African-American 


48 


5 


10.4% 


43 


89.6% 


Caucasian 


48 


18 


37.5% 


30 


62.5% 


Ischemic CM 


African-American 


48 


13 


27.1% 


35 


72.9% 


Ischemic CM with NIDDM 


African-American 


48 


4 


8.3% 


44 


91.7% 


MI due to NIDDM 


African-American 


46 


4 


8.7% 


42 


91.3% 


Caucasian 


48 


22 


45.8% 


26 


54.2% 


Afib without valvular disease 


African-American 


48 


8 


16.7% 


40 


83.3% 


Caucasian 


48 


20 


41.7% 


28 


58.3% 


Anxiety 


African-American 


48 


9 


18.8% 


39 


81.3% 


Asthma 


African-American 


46 


6 


13.0% 


40 


87.0% 


Caucasian 


48 


22 


45.8% 


26 


54.2% 


COPD 


African-American 


48 


12 


25.0% 


36 


75.0% 


Caucasian 


48 


16 


33.3% 


32 


66.7% 


Cholecystectomy 


African-American 


48 


6 


12.5% 


42 


87.5% 


Caucasian 


48 


19 


39.6% 


29 


60.4% 


DJD 


African-American 


48 


5 


10.4% 


43 


89.6% 


ESRD and frequent de-clots 


African-American 


48 


8 


16.7% 


40 


83.3% 


Caucasian 


44 


12 


27.3% 


32 


72.7% 


ESRD due to FSGS 


African-American 


48 


7 


14.6% 


41 


85.4% 


Caucasian 


44 


9 


20.5% 


35 


79.5% 


ESRD due to IDDM 


African-American 


48 


4 


8.3% 


44 


91.7% 



WO 02/08467 



PCT/US01/23321 



30 









X 




>* 

Vft" 




Seizure disorder 


African-American 


44 


5 


11.4% 


39 


88.6% 




Caucasian 


48 


14 


29.2% 


34 


70.8% 



Table 3 



GENOTYPE FREQUEN< 


"IES FOR GR< 


OUP I DISEASI 


CS 




G/G 


G/A 


A/A 


CONTROLS 








Black men (n=42) 


0 (0%) 


10 (24%) 


32 (76%) 


Black women (n=37) 


2 (5%) 


14 (38%) 


21 (57%) 


White men (n=44) 


6 (14%) 


19 (43%) 


19 (43%) 


White women (n=53) 


3 (6%) 


29 (55%) 


21 (40%) 


DISEASE 


BREAST CANCER 


Black women (n=20) 


0 (0%) 


7 (35%) 


13(65%) 


White women (n=19) 


1 (5%) 


10 (53%) 


8 (42%) 


LUNG CANCER 








Black men (n=20) 


0 (0%) 


5 (25%) 


15 (75%) 


Black women (n=16) 


0 (0%) 


6 (38%) 


10 (62%) 


White men (n=20) 


2 (10%) 


13 (65%) 


5 (25%) 


White women (n=l 1) 


2(18%) 


4 (36%) 


5(45%) 


PROSTATE CANCER 








Black men (n=20) 


1 (5%) 


10 (50%) 


9 (45%) 


White men (n=20) 


2 (10%) 


14 (70%) 


4 (20%) 


NEDDM 








Black men (n=2) 


0 (0%) 


1 (50%) 


1 (50%) 


Black women (n=3) 


0 (0%) 


1 (33%) 


2 (67%) 


White men (n=4) 


0 (0%) 


0 (0%) 


4(100%) 


White women (n= 1 0) 


0 (0%) 


5 (50%) 


5 (50%) 


ESRD due to NIDDM 








Black men (n=7) 


0- (0%) 


7(100%) 


0 (0%) 


Black women (n=7) 


1 (14%) 


4 (57%) 


2 (29%) 


White men (n=7) 


1 (14%) 


5 (71%) 


1 (14%) 


White women (n=3) 


0 (0%) 


3(100%) 


0 (0%) 


HYPERTENSION (HTN) 








Black men (n=12) 


0 (0%) 


3 (25%) 


9 (75%) 


Black women (n= 1 2) 


0 (0%) 


2 (17%) 


10 (83%) 


White men (n=l 1) 


1 (9%) 


5 (45%) 


5 (45%) 


White women (n=10) 


1 (10%) 


6 (60%) 


3 (30%) 


ESRD due to HTN 








Black men (n=10) 


1 (10%) 


2(20%) 


7 (70%) 


Black women (n=9) 


0 (0%) 


0 (0%) 


9 (100%) 


White men (n=9) 


0 (0%) 


5 (56%) 


4 (44%) 


White women (n=9) 


0 (0%) 


3(33%) 


6 (67%) 
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MYOCARDIAL INFARCTION 








White women (n=6) 


3 (50%) 


3 (50%) 


0 (0%) 



Table 4 

GENOTYPE FREQUENCY FOR GROUP II DISEASES 







m 






mm 


* 




-Disease u • * h< ' ] 




45 


2 


4.4% 


12 


26.7% 


31 


68.9% 


Controls 


African-American 


Caucasian 


47 


5 


10.6% 


23 


48.9% 


19 


40.4% 


Colon cancer 


African-American 


24 


0 


0.0% 


7 


29.2% 


17 


70.8% 


Caucasian 


22 


1 


4.5% 


9 


40.9% 


12 


54.5% 


Hypertension 


African-American 


23 


0 


0.0% 


4 


17.4% 


19 


82.6% 


ASPVD due to HTN 


African- American 


27 


0 


0.0% 


4 


14.8% 


23 


85.2% 


Caucasian 


25 


1 


4.0% 


11 


44.0% 


13 


52.0% 


CVA due to HTN 


African-American 


24 


1 


4.2% 


7 


29.2% 


16 


66.7% 


Caucasian 


24 


3 


12.5% 


10 


41.7% 


11 


45.8% 


Cataracts due to HTN 


African-American 


24 


0 


0.0% 


4 


16.7% 


20 


83.3% 


Caucasian 


22 


1 


4.5% 


9 


40.9% 


12 


54.5% 


HTN CM 


African- American 


24 


0 


0.0% 


9 


37.5% 


15 


62.5% 


NEDDM 


African-American 


24 


0 


0.0% 


2 


8.3% 


22 


91.7% 


Caucasian 


24 


0 


0.0% 


12 


50.0% 


12 


50.0% 


ASPVD due to NEDDM 


African-American 


24 


0 


0.0% 


5 


20.8% 


19 


79.2% 


Caucasian 


24 


1 


4.2% 


7 


29.2% 


16 


66.7% 


CVA due to NEDDM 


African-American 


24 


0 


0.0% 


5 


20.8% 


19 


79.2% 


Caucasian 


24 


4 


16.7% 


10 


41.7% 


10 


41.7% 


Ischemic CM 


African-American 


24 


4 


16.7% 


5 


20.8% 


15 


62.5% 


Ischemic CM with NEDDM 


African-American 


24 


0 


0.0% 


4 


16.7% 


20 


83.3% 


Afib without valvular disease 


African-American 


24 


2 


8.3% 


4 


16.7% 


18 


75.0% 


Caucasian 


24 


4 


16.7% 


12 


50.0% 


8 


33.3% 


Anxiety 


African-American 


24 


1 


4.2% 


7 


29.2% 


16 


66.7% 


Asthma 


African- American 


23 


0 


0.0% 


6 


26.1% 


17 


73.9% 


Caucasian 


24 


5 


20.8% 


12 


50.0% 


7 


29.2% 


COPD 


African-American 


24 


2 


8.3% 


8 


33.3% 


14 


58.3% 


Caucasian 


24 


3 


12.5% 


10 


41.7% 


11 


45.8% 
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People 




G/G 










Cholecystectomy 


African- American 

rill r\*(+ma nuivl IvAU 


24 


o 


0.0% 


6 


25.0% 


18 


75.0% 


Caucasian 


24 


4 


16.7% 


11 


45.8% 


9 


37.5% 


DJD 


African-American 


24 


0 


0.0% 


5 


20.8% 


19 


79.2% 


ESRD and frequent de-clots 


African-American 


24 


3 


12.5% 


2 


8.3% 


19 


79.2% 


Caucasian 


22 


2 


9.1% 


8 


36.4% 


12 


54.5% 


ESRD due to FSGS 


African- American 


24 


0 


0.0% 


7 


29.2% 


17 


70.8% 


Caucasian 


22 


1 


4.5% 


7 


31.8% 


14 


63.6% 


ESRD due to IDDM 


African-American 


24 


0 


0.0% 


4 


16.7% 


20 


83.3% 


Seizure disorder 


African-American 


22 


0 


0.0% 


5 


22.7% 


17 


77.3% 


Caucasian 


24 


1 


4.2% 


12 


50.0% 


11 


45.8% 



Allele-Specific Odds Ratios 

The susceptibility allele is indicated, as well as the odds ratio (OR). Haldane's zero 
cell correction was used. If the odds ratio (OR) was > 1.5, the 95% confidence interval 
5 (C.L) is also given. An odds ratio of 1.5 was chosen as the threshold of significance based 
on the recommendation of Austin H et al. in Epidemiol Rev., 16:65-76, (1994). 
"Epidemiology in general and case-control studies in particular are not well suited for 
detecting weak associations (odds ratios < 1.5)." Id. at 66. 

An example of the allele-specific odds ratio calculation is given below: 
10 Colon Cancer: African- Americans 

Cases Controls 
A 41 74 
G 7 16 

15 The odds ratio is (41)(16)/(7)(74) = 1 .3. Therefore, African- Americans with the A 

allele have a 1.3 fold higher risk of developing colon cancer than African-Americans 
without the A allele. Odds ratios of 1 .5 or higher are high-lighted below. 
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Table 5 



ALLELE-SPECIFIC ODDS RATIOS FOR GROUP I DISEASES 


SUSCEPTIBILITY 






DISEASE 


ALLELE 


OR 


95% C.I. 


Breast Cancer 


Black women 


A 


LI 


0.6-4.0 


White women 


G 


0.9 




Lung Cancer 


Black men 


G 


1.1 




Black women 


A 


1.4 




White men 


G 


1.4 




White women 


G 


1.2 




Prostate Cancer 


Black men 


G 


3.2 


1.2-8.2 


White men 


G 


i.5 


0.7-3.2 


NIDDM 


Black men 


G 


2.5 


0.2-26.1 


Black women 


A 


1.6 


0.2-15 


White men 


A 


9.3 


1.2-72 


White women 


A 


1.5 


0.5-4.4 


ESRD due to NIDDM* 


Black men 


A 


3.7 


0.2-78 


Black women 


A 


1.4 




White men 


G 


5.0 


0.5-47 


White women 


A 


1.0 




Hypertension (HTN) 


Black men 


G 


1.0 




Black women 


A 


33 


0.8-17 


White men 


A 


1.2 




White women 


G 


1.4 




ESRD due to HTN* 1 


Black men 


G 


1.8 


0.3-9.0 


Black women 


A 


4A 


0.5-37 


White men 


A 


0.8 




White women 


A 


33 


0.7-15 


Myocardial Infarction 


White women 


A 


1.1 





* Compared to group with NIDDM alone. 



Compared to group with HTN alone. 
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Table6 

ALLELE-SPECIFIC ODDS RATIOS FOR GROUP II DISEASES 





,11!"-*% h .V: • 

fkiski 
|Allele>j 


■:Qdd| 

pRatio^ 


; LoS^givl 
iiT^iiiriiit-' 
95%V] 

lee >»\Tr<r ^ 


■ ■>. '! v . 

3Jpper 

PIS 


■% ' 

Haldane 

■'..-'.rtsHM.r^^T.'-i.'r • 






A 


13 


0.5 


33 




Colon cancer 


African-American 


Caucasian 


A 


1.6 


0.7 


3.6 




Hypertension 


African-American 


A 


23 


0.7 


7.2 




ASPVD due to HTN* 


African-American 


A 


1.2 


03 


5.1 




CVA due to HTN* 


African-American 


G 


£4 


0.7 


8.5 




Cataracts due to HTN* 


African-American 


A 




0.7 


7.6 




Caucasian 


A 


id 


0.7 


3.6 




NEDDM 


African-American 


A 




1.1 


22.6 




Caucasian 


A 




0.7 


3.5 




ASPVD due to NEDDM* 1 


African-American 


G 


Zl 


0.5 


14.5 




Caucasian 


A 


1-4 


0.5 


3.8 




CVA due to NIDDM* 1 


African-American 


G 


2.7 


0.5 


14.5 




Caucasian 


G 


L8 


0.7 


43 




Afib without valvular disease 


African-American 


A 


1.1 


0.4 


2.7 




Caucasian 


G 


13 


0.6 


2.7 




Anxiety 


African-American 


G 


1.1 


0.4 


2.6 




Asthma 


African-American 


A 


1.4 


0.5 


4.0 




Caucasian 


G 




0.8 


3.2 




COPD 


African-American 


G 




0.7 


3.6 




Caucasian 


A 


1.1 


0.5 


2.3 




Cholecystectomy 


African-American 


A 


ii 


0.6 


4.2 




Caucasian 


G 


1.2 


0.6 


2.5 




DJD 


African-American 


A 




0.6 


5.4 




ESRD and frequent de-clots 


African-American 


A 


1.1 


0.4 


2.7 




Caucasian 


A 


1.4 


0.7 


3.2 




ESRD due to FSGS 


African-American 


A 


1.3 


0.5 


33 




Caucasian 


A 




0.9 


4.9 




ESRD due to IDDM 


African-American 


A 




0.7 


7.6 
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;''v ./ •. - . . r '<-' *t a : i t J,>i1 


Kisk 

;MiaLe 


mi 

Odds 
Ratio 




jUpper? 
Limit 
95% 


Haldane 


Seizure disorder 


African-American 


A 




0.6 


4.9 




Caucasian 


A 


1.3 


0.6 


2.8 





♦-Compared to HTN alone. 



* -Compared to NIDDM alone. 

Genotype-Specific Odds Ratios 
5 The susceptibility allele (S) is indicated; the alternative allele at this locus is 

defined as the protective allele (P). Also presented is the odds ratio (OR) for each 
genotype (SS, SP; the odds ratio for the PP genotype is 1, since it is the reference group, 
and is not presented separately). For odds ratios > 1.5, the 95% confidence interval (C.I.) 
is also given, in parentheses. An odds ratio of 1.5 was chosen as the threshold of 
10 significance based on the recommendation of Austin et al. in Epidemiol. Rev., 16:65-76, 
(1994). "[E]pidemiology in general and case-control studies in particular are not well 
suited for detecting weak associations (odds ratios < 1.5)." Id. at 66. 

Where Haldane's zero cell correction was employed, the odds ratio is so indicated 
with a superscript "H'\ To minimize confusion, genotype-specific odds ratios are 
15 presented only for diseases in which the allele-specific odds ratio was at least 1.5. 

An example is worked below, assuming that A is the susceptibility allele (S), and 
G is the protective allele (P). 

African-American: ASPVD due to HTN (Compared to African- Americans with 
Hypertension) 

20 Cases Controls 

AA(SS) 23 19 

AG (SP) 4 4 

GG (PP) 0 0 

25 Applying Haldane's correction, the above 2x3 table becomes: 
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African- American: ASPVD due to HTN (Compared to African- Americans with 
Hypertension) 

Cases Controls Odds Ratios 

5 

CC(SS) 47 39 (47)(1)/(1)(39)= 1.2 

CT (SP) 9 9 (9)(1)/(1)(9) = 1 .0 

TT(PP) 1 1 1.0 (by definition) 

The odds ratios for individual genotypes are given below. Odds ratios of 1 .5 or 
10 more are given below. 



Table 7 



GENOTYPE-SPECIFIC ODDS RATIOS FOR GROUP I DISEASES 


SUSCEPTIBILITY 






DISEASE ALLELE 


OR(SS) 


OR(SP) 


Breast Cancer 


Black women 


A 


3J. (0.3-28) 


2Jl (0.3-24) ! 


Prostate Cancer 


Black men 
White men 


G 
G 


10.3 (1.0-105) 
M (0.2-11) 


3.4(1.5-7.6) 
3,5(1.0-12.6) 


NEDDM 


Black men 


G 


21.7 a.1-437) 


3A (0.6-17) 


Black women 


G 


1^7(0.2-18) 


0.9 


White men 


A 


M (0.3-26) 


0.3 (0-5.7) 


White women 


A 


L8 (0.2-16) 


1.3 


ESRD due to NIDDM* 


Black men 


G 


M (0.1-108) 


J5(l.l-198) 


White men 


G 


M (0.7-123) 


33 (2.9-374) 


Hypertension (HTN) 


Black women 


A 


2.4 (0.3-22) 


0.9 


ESRD due to HTN* 1 


Black men 


G 


3.8 (0.4-40) 


0.9 


Black women 


A 


0.9 


0.2 


White men 


A 


Z5 (0.2-28) 


M (0.3-34) 


White women 


A 


M (0.5-64) 


1^(0.1-19) 



* Compared to group with NEDDM. 
* l Compared to group with HTN. 
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Table 8 

GENOTYPE-SPECIFIC ODDS RATIOS FOR GROUP n DISEASES 





Hi! 


am 


if. % 
# • -: :.. 
iHalBa^i 




Haldane^ 






A 


0.0 




1.1 




Colon cancer 


African-American 


Caucasian 


A 


0.3 




0.6 




Hypertension 


African-American 


A 


0.0 




0.5 




ASPVD due to HTN* 


African-American 


A 


0.8 


H 


0.8 




CVAdue to HTN* 


African-American 


G 


LI 


H 


id 




Cataracts due to HTN* 


African-American 


A 


0.0 




0.5 




Caucasian 


A 


0.3 




0.6 




NIDDM 


African-American 


A 


0.0 




0.2 




Caucasian 


A 


0.0 




0.8 




ASPVD due to NIDDM* 1 


African-American 


G 


1.2 


H 


£2 




Caucasian 


A 


2.3 


H 


0.4 




CVA due to NIDDM* 1 


African-American 


G 


1.2 


H 


ZP 




Caucasian 


G 


10.7 


H 


1.0 




Afib without valvular 
disease 


African-American 


A 


LI 




0.6 




Caucasian 


G 


1.9 




1.2 




Anxiety 


African-American 


G 


1.0 




1.1 




Asthma 


African-American 


A 


0.0 




0.9 




Caucasian 


G 


Z7 




1.4 




COPD 


African-American 


G 


2,2 




LI 




Caucasian 


A 


1.0 




0.8 




Cholecystectomy 


African-American 


A 


0.0 




0.9 




Caucasian 


G 


LI 




1.0 




DJD 


African-American 


A 


0.0 




0.7 




ESRD and frequent de- 
clots 


African-American 


A 


M 




0.3 




Caucasian 


A 


0.6 




0.6 




ESRD due to FSGS 


African-American 


A 


0.0 




1.1 




Caucasian 


A 


0.3 




0.4 




ESRD due to EDDM 


African- American 


A 


0.0 




0.5 
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; RISK 


: :ss| 


V i -|. .V t ;\' ' 

II 


■ £ 


Strife 


Seizure disorder 


African-American 


A 


0.0 




0.8 




Caucasian 


A 


0.3 




0.9 





♦-Compared to HTN alone. 
^-Compared to NIDDM alone. 



PCR and sequencing were conducted as in Example 1 . The primers used were the 
same as in Example 1. The control samples are in good agreement with Hardy- Weinberg 
5 equilibrium, as follows: 

In the control group for the Group I Diseases, a frequency of 0. 12 for the G allele 
("p") and 0.88 for the A allele ("q") among black male control individuals predicts 
genotype frequencies of 1% G/G, 22% G/A, and 77% A/A at Hardy- Weinberg equilibrium 
(p 2 + 2pq + q 2 = 1). The observed genotype frequencies were 0% G/G, 24% G/A, and 
10 76% A/A, in excellent agreement with those predicted for Hardy- Weinberg equilibrium. 

A frequency of 0.24 for the G allele ("p") and 0.76 for the A allele ("q") among 
black female control individuals predicts genotype frequencies of 6% G/G, 36% G/A, iand 
58% A/A at Hardy- Weinberg equilibrium (p 2 + 2pq + q 2 = 1). The observed genotype 
frequencies were 5% G/G, 38% G/A, and 57% A/A, in excellent agreement with those 
15 predicted for Hardy- Weinberg equilibrium. 

A frequency of 0.35 for the G allele ("p") and 0.65 for the A allele ("q") among 
white male control individuals predicts genotype frequencies of 12% G/G, 46% G/A, and 
42% A/A at Hardy- Weinberg equilibrium (p 2 + 2pq + q 2 = 1). The observed genotype 
frequencies were 14% G/G, 43% G/A, and 43% A/A, in very close agreement with those 
20 predicted for Hardy- Weinberg equilibrium. 

A frequency of 0.34 for the G allele ("p") and 0.66 for the A allele ("q'O among 
white female control individuals predicts genotype frequencies of 12% G/G, 38% G/A, 
and 50% A/A at Hardy- Weinberg equilibrium (p 2 + 2pq + q 2 = 1). The observed genotype 
frequencies were 6% G/G, 55% G/A, and 40% A/ A, in fair agreement with those predicted 
25 for Hardy- Weinberg equilibrium. 

In the control group for the Group II Diseases, a frequency of 0.18 for the G allele 
("p") and 0.82 for the A allele ("q") among African- American control individuals predicts 
genotype frequencies of 3.2% G/G, 29.5% G/A, and 67.2% A/A at Hardy- Weinberg 
equilibrium (p 2 + 2pq + q 2 = 1). The observed genotype frequencies were 4.4% G/G, 
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26.7% G/A, and 68.9% A/A, in good agreement with those predicted for Hardy- Weinberg 
equihbrium. 

A frequency of 0.35 for the G allele ("p") and 0.65 for the A allele ("q") among 
Caucasian control individuals predicts genotype frequencies of 12.25% G/G, 45.5% G/A, 
5 and 42.25% A/A at Hardy- Weinberg equilibrium (p 2 + 2pq + q 2 = 1). The observed 
genotype frequencies were 10.6% G/G, 48.9% G/A, and 40.4% A/A, in excellent 
agreement with those predicted for Hardy- Weinberg equilibrium. 

RESULTS 

Using an allele-specific odds ratio of 1 .5 or greater as a practical level of 
10 significance, the following observations can be made. 

The odds ratio for the A allele at this locus was 1 .5 (95% CI, 0.6-4.0) among black 
women with breast cancer. The odds ratio for the AG heterozygote was 2.6 (95% CI, 0.3- 
24), and was 3.1 (95% CI, 0.3-28) for the AA homozygote, indicating a dose-dependent 
increase in relative risk of disease. These data suggest that the A allele behaves as a 
1 5 dominant susceptibility allele. 

The odds ratio for the G allele at this locus was 3.2 (95% CI, 1.2-8.2) for black 
men with prostate cancer. The odds ratio for the GA heterozygote was 3.4 (95% CI, 1 .5- 
7.6), and was 10.3 (95% CI, 1.0-105) for the GG homozygote, indicating a dose-dependent 
increase in the relative risk of disease with two rather than one G allele. These data 
20 suggest that the G allele behaves as a dominant susceptibility allele with interaction on a 
multiplicative model [(10.3) ~ (3.4)(3.4)]. 

The odds ratio for the G allele at this locus was 1.5 (95% CI, 0.7-3.2) for white 
men with prostate cancer. The odds ratio for the GA heterozygote was 3.5 (95% CI, 1.0- 
12.6), but for the GG homozygote was only 1.6 (95% CI, 0.2-1 1). In other words, there 
25 was approximately twice as high a relative risk of disease with only one allele as with two, 
suggesting that the G allele behaves as a co-dominant allele. 

The odds ratio for the A allele at this locus was 1.6 (95% CI, 0.2-15) for black 
women with NIDDM. The genotype-specific odds ratios are not helpful, since they 
suggest that the G allele, rather than the A allele, is the susceptibility allele. 
30 The odds ratio for the A allele at this locus was 9.3 (95% CI, 1 .2-72) for white men 

with NIDDM. The odds ratio for the AG heterozygote [0.3 (95% CI, 0-5.7)] was actually 
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less than 1, whereas the odds ratio for the AA homozygote was 3.0 (95% CI, 0.3-26). 
These data suggest that the A allele behaves in a recessive fashion. 

The odds ratio for the A allele at this locus was 1 .5 (95% CI, 0.5-4.4) among white 
women with NIDDM. The odds ratio for the AG heterozygote was 1 .3, and for the AA 
5 homozygote was 1.8 (95% CI, 0.2-16), indicating a dose-dependent increase in relative 
risk of disease. These data suggest that the A allele behaves as a recessive susceptibility 
allele. 

The odds ratio for the A allele at this locus was 3.7 (95% CI, 0.2-78) for black men 
with ESRD due to NIDDM, when compared to black men with NIDDM alone. The 

10 genotype-specific odds ratios are not helpful, since they suggest that the G allele, rather 
than the A allele, is the susceptibility allele. 

The odds ratio for the G allele at this locus was 5.0 (95% CI, 0.5-47) for white men 
with ESRD due to NIDDM, when compared to white men with NIDDM alone. The odds 
ratio for the GA heterozygote was a remarkable 33 (95% CI, 2.9-374), but for the GG 

15 homozygote was only 9.0 (95% CI, 0.7-123). In other words, carrying only one 

susceptibility allele is associated with nearly four times the relative risk of disease as 
carrying two alleles. These data suggest that the G allele behaves in a co-dominant 
fashion. 

The odds ratio for the A allele at this locus was 3.5 (95% CI, 0.8-17) among black 
20 women with hypertension (HTN). The odds ratio for the AG heterozygote was 0.9, and 
for the AA homozygote was 2.4 (95% CI, 0.3-22). These data suggest that the A allele 
behaves as a classical recessive susceptibility allele. 

The odds ratio for the G allele at this locus was 1 .8 (95% CI, 0.3-9.0) among black 
men with ESRD due to hypertension (HTN), when compared to black men with HTN 
25 alone. The odds ratio for the GA heterozygote was 0.9, and for the GG homozygote was 
3.8 (95% CI, 0.4-40). These data suggest that the G allele behaves as a recessive disease- 
susceptibility allele. 

The odds ratio for the A allele at this locus was 4.1 (95% CI, 0.5-37) among black 
women with ESRD due to HTN, when compared to black women with HTN alone. The 
30 genotype-specific odds ratios are unhelpful because they are less than one. 

The odds ratio for the A allele at this locus was 3.3 (95% CI, 0.7-15) for white 
Women with ESRD due to hypertension (HTN), when compared to white women with 
HTN alone. The odds ratio for the AG heterozygote was 1.6 (95% CI, 0.1-19), and for the 
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AA homozygote was 5.6 (95% CI, 0.5-64), indicating a dose-dependent increase in the 
relative risk of disease with two rather than one G allele. These data suggest that the A 
allele behaves as a dominant susceptibility allele with interaction on more than a 
multiplicative model [5.6 > (1.6)(1.6)]. 
5 For African-Americans with ASPVD due to NIDDM the odds ratio for the G allele 

was 2.7 (95% CI, 0.5 - 14.5), compared to African-Americans with NIDDM only. The 
odds ratio for the homozygote (G/G) was 1 .2 H (95% CI, 0 - 143.2),while the odds ratio for 
the heterozygote (G/A) was 2.9 (95% CI, 0.5 - 16.7). These data suggest that the G allele 
acts in a co-dominant manner in this patient population. These data further suggest that the 
1 0 ecNOS gene is significantly associated with ASPVD due to NIDDM in African- 
Americans, i.e. abnormal activity of the ecNOS gene predisposes African-Americans to 
ASPVD due to NIDDM. 

For Caucasians with asthma the odds ratio for the G allele was 1.6 (95% CI,0.8 - 
3.2). The odds ratio for the homozygote (G/G) was 2.7 (95% CI, 0.6- 12.3), while the 
15 odds ratio for the heterozygote (G/A) was 1.4 (95% CI,0.5 - 4.3). These data suggest that 
the G allele acts in a recessive manner in this patient population. These data further 
suggest that the ecNOS gene is significantly associated with asthma in Caucasians, i.e. 
abnormal activity of the ecNOS gene predisposes Caucasians to asthma. 

For African- Americans with cataracts due to HTN the odds ratio for the A allele 
20 was 2.4 (95% CI, 0.7 - 7.6). Data were not sufficient to generate genotypic odds ratios of 
1.5 or greater. These data further suggest that the ecNOS gene is significantly associated 
with cataracts due to HTN in African- Americans, i.e. abnormal activity of the ecNOS gene 
predisposes African- Americans to cataracts due to HTN. 

For Caucasians with cataracts due to HTN the odds ratio for the A allele was 1.6 
25 (95% CI, 0.7 - 3.6). Data were not sufficient to generate genotypic odds ratios of 1 .5 or 
greater. These data further suggest that the ecNOS gene is significantly associated with 
cataracts due to HTN in Caucasians, i.e. abnormal activity of the ecNOS gene predisposes 
Caucasians to cataracts due to HTN. 

For Caucasians with colon cancer the odds ratio for the A allele was 1.6 (95% CI, 
30 0.7 - 3.6). Data were not sufficient to generate genotypic odds ratios of 1.5 or greater. 
These data further suggest that the ecNOS gene is significantly associated with colon 
cancer in Caucasians, i.e. abnormal activity of the ecNOS gene predisposes Caucasians to 
colon cancer. 
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For African- Americans with DJD, or osteoarthritis, the odds ratio for the A allele 
was 1.9 (95% CI, 0.6 - 5.4). Data were not sufficient to generate genotypic odds ratios of 
1.5 or greater. These data further suggest that the ecNOS gene is significantly associated 
with DJD in African- Americans, i.e. abnormal activity of the ecNOS gene predisposes 
5 African- Americans to DJD. 

For African- Americans with ESRD due to IDDM the odds ratio for the 2 allele was 
2.4 (95% CI, 0,7 - 7.6). Data were not sufficient to generate genotypic odds ratios of 1 .5 
or greater. These data further suggest that the ecNOS gene is significantly associated with 
ESRD due to IDDM in African-Americans, i.e. abnormal activity of the ecNOS gene 
10 predisposes African- Americans to ESRD due to IDDM. 

For Caucasians with ESRD due to FSGS the odds ratio for the A allele was 2.1 
(95% CI, 0.9 - 4.9). Data were not sufficient to generate genotypic odds ratios of 1.5 or 
greater. These data further suggest that the ecNOS gene is significantly associated with 
ESRD due to FSGS in Caucasians, i.e. abnormal activity of the ecNOS gene predisposes 
15 Caucasians to ESRD due to FSGS. 

For African- Americans with CVA due to NIDDM the odds ratio for the G allele 
was 2.7 (95% CI, 0.5 - 14.5), compared to African- Americans with NIDDM only. The 
odds ratio for the homozygote ( G/ G) was 1 .2 H (95% CI, 0 - 143.2), while the odds ratio 
for the heterozygote (G/A) was 2.9 (95% CI, 0.5 - 16.7). These data suggest that the G 
20 allele acts in a co-dominant manner in this patient population. These data further suggest 
that the ecNOS gene is significantly associated with CVA due to NIDDM in African- 
Americans, i.e. abnormal activity of the ecNOS gene predisposes African- Americans to 
CVA due to NIDDM. 

For Caucasians with CVA due to NIDDM the odds ratio for the G allele was 1.8 . 
25 (95% CI, 0.7 - 4.3), compared to Caucasians with NIDDM only. The odds ratio for the 
homozygote (G/ G) was 10.7 H (95% CI, 0.2 - 629), while the odds ratio for the 
heterozygote (G/ A) was 1.0 (95% CI, 0.3 -3.3). These data suggest that the G allele acts 
in a recessive manner in this patient population. These data further suggest that the 
ecNOS gene is significantly associated with CVA due to NIDDM in Caucasians, i.e. 
30 abnormal activity of the ecNOS gene predisposes Caucasians to CVA due to NIDDM. 

For African- Americans with CVA due to HTN the odds ratio for the G allele was 
2.4 (95% CI, 0.7 - 8.5), compared to African-Americans with hypertension only. The 
odds ratio for the homozygote ( G/ G) was 3.5 H (95% CI, 0 - 251.4), while the odds ratio 
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for the heterozygote ( G/ A) was 2.1 (95% CI, 0.5 - 8.4). These data suggest that the G 
allele acts in a dominant manner in this patient population with a greater than additive 
effect of allele dosage [ 3.5 > 4.2 = ( 2.1 + 2.1 - 1.0)] (Goldstein et al., Monogr. Natl 
Cancer Inst, 26:49-54, 1999). These data further suggest that the ecNOS gene is 
5 significantly associated with CVA due to HTN in African-Americans, i.e. abnormal 
activity of the ecNOS gene predisposes African-Americans to CVA due to HTN. 

For African- Americans with seizure disorder the odds ratio for the A allele was 1 .7 
(95% CI, 0.6 - 4.9). Data were not sufficient to generate genotypic odds ratios of 1.5 or 
greater. These data further suggest that the ecNOS gene is significantly associated with 
10 seizure disorder in African-Americans, i.e. abnormal activity of the ecNOS gene 
predisposes African- Americans to seizure disorder. 

ANALYSIS 

According to commercially available software [GENOMATEX Matlnspector 
Professional; URL: htt^://genomatix.gsf.de/cgi-bin/matinspector/matinspector.pl ; Quandt 
15 et al., Nucleic Acids Res. 23: 4878-4884 (1995)], the G2458 ~>A SNP is predicted to have 
the following potential effects on transcription of the ecNOS gene: 

a. Disruption of NF-1 (nuclear factor 1) site (5'- 
AGATGGC AC AGAACTACA-3 ' (SEQ ID NO: 4) beginning at position +2543 on the (+) 
strand. This polymorphism results in replacement of the indicated G by an A. NF-1 sites 
occur relatively frequently in the genome: 4.1 1 occasions per 1000 base pairs of random 
vertebrate genomic sequence. Since NF-1 is a positive transcriptional regulator, disruption 
of its binding site is expected to result in a decreased rate of transcription of the ecNOS 
gene. If the rate of translation is tied to the level of messenger RNA, as is the case for 
many proteins, then less gene product (ecNOS enzyme) will be the result, ultimately 
leading to less nitric oxide (NO) produced in tissues such as endothelial cells. 

b. Disruption of MYOD (myoblast determining factor) binding site, which 
consists of 5'-GCCATCTGAG-3' (SEQ ID NO: 5), ending at position +2540 on the (-) 
strand. Thus, this polymorphism results in replacement of the indicated C by a T on the (-) 
strand, since T is complementary to the polymorphic base, A, at this position on the (+) 
strand. MYOD binding sites are somewhat less frequent than NF1 sites, occurring 0.96 
times per 1000 base pairs of random genomic sequence. MYOD is increasingly 
recognized as a potent transcriptional activator of more tissues than merely those destined 
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to become skeletal muscle, in which context it was originally discovered. Again, this 
association suggests an unexpected biochemical mechanism for diabetic or hypertensive 
renal failure, in, e.g., black women, who express a higher frequency of the A allele. 
MYOD may operate in endothelial cells. It is possible that ecNOS production by smooth 
5 muscle cells, which are known to express MYOD, is important in regulation of renal blood 
flow and apoptosis of down-stream cellular elements. 

c. Disruption of LM02COM (complex of Lmo2 bound to Tal-1, E2A protein) 
binding site, which consists of the sequence 5'-CCTCAGATG<jCA-3' (SEQ ID NO: 6), 
beginning at position +2539 on the (+) strand. This polymorphism results in the 

1 0 replacement of the indicated Q with an A. LM02COM binding sites occur with a 
frequency of 1. 1 1 times per 1000 base pairs of random genomic sequence, which is 
relatively frequent. The E2A protein is an adenoviral "early" protein, for which no 
cellular homolog is yet known. 

d Disruption of TAL1ALPHAE47 (Tal-1 alpha/E47 heterodimer) binding site, 

1 5 which consists of the sequence 5 '-CCCCTCAGATGfiCACA-S ' (SEQ ID NO: 7), 
beginning at position +2537 on the (+) strand. This polymorphism results in the 
replacement of the indicated jg with an A. TALI ALPHAE47 binding sites occur rather 
infrequently, at the rate of 0.14 times per 1000 base pairs of random genomic sequence. 
Association of disease with this site thus suggests a novel mechanism for ecNOS 

20 regulation in cells whose identity is not yet known, but which could be endothelial, 
smooth muscle, mesangial, or tubular epithelial cells, for example. 

e. Disruption of TAL1BETAE47 (Tal-1 beta/E47 heterodimer) binding site, 
which consists also of the sequence 5'-CCCCTCAGATQgCACA-3 ' (SEQ ID NO: 7), 
beginning at position +2537 on the (+) strand. This polymorphism results in the 

25 replacement of the indicated Q with an A. TAL1BETAE47 binding sites occur rather 
infrequently, at the rate of 0.1 1 times per 1000 base pairs of random genomic sequence. 
Association of disease with this site thus suggests a novel mechanism for ecNOS 
regulation in cells whose identity is not yet known, but which could include endothelial, 
smooth muscle, mesangial, or tubular epithelial cells, for example. 
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Example 3 

C to T Tra nsition at Position 2684 of Human ecNOS Promoter 



Table 9 



ALLELE FREQUENCIES FOR GROUP I DISEASES 






T 


CONTROL 






Black men fn=84- chrnmnQnrrieQ'i 

•i^iuvu. Aiivii V *J ■ Will \/11XvOv/UX vD / 


inn oo/a 

1U V 1Z /o) 


HA fQQ0/\ 


Black women fn=74 r.hrnmnQnmpQ^ 


io v Z4/oJ 


00 (/OyoJ 


White men ( n=76 chromo^nrnpQi 


£z7 /o) 


4/ (OZyoJ 


White women f n—94 chrornnQornpci 


OO CX\ oz\ 
Z!/ pi /o) 


CO (oyyoj 


DISEASE 






BREAST CANCER 






Black women fn=40 rlirnmn^nmpQ^ 




(ozyoj 


White women fn==3R phrnmnQftmpQ^ 


iz (pz/oj 


zo (ooyo) 


LUNG CANCER 






Black men ( n=4(i piSrnrnncrvmfacA 

X_J XCl-VXV J.JJ.VAA \ JLX 1 Vr vlixUllXvOUUlv-) | 


Zl v ^«jyoJ 


1 O (A O0/\ 


Black women Tn==39 rlirnmncnmpci 


o v xy/oj 


zo (ol%) 


^White men f n=4(i p Virnrnn«:r» tyip'c^ 

tvxaxiv xixv/ii \xi "TV/ vXXXlJllXUolJXXXvvo l 


1 7 (Al0/\ 
1 / (4,3/oJ 


Z-5 (^o%J 


Wliite women f n=99 ptirnrnnQri'mp*^ 

tt XXX iv Vt V/ixlvii V vXXX vJAXUovIXXGo / 


5 v 30/oJ 


1 A (f^A 0/ \ 


PROSTATA CANCER 






Black men fn=40 rlirnTnnQnmpc^ 


y v ZOToJ 


31 (/ /VO) 


White men ^n=^5? rVimmnQfimpQi 

tt xxx IV/ XXXVXX yAx .^O V/X JX UlXXUov/XXXwD / 


1 / v 4DyoJ 


zi (^5%) 


NIDDM 






Black men ( n=4 rhrATrin<2nTTii=»c , i 

X-' lUvA IXiVil y X X T vJXX VXllXvrOVSXXAVvO J 


1 (ZDyo^ 


5 (/DVo) 


Black women fn=6 f4irnrnnQA-mf»c > i 

J—' x civ xv. w wJLXXvXX ^ xj. \J vlXXwXXxwovJ'XXXwO/ 




"X /C AO/ N 


White men ( n— & r»VirnmnQnm<=»«A 
vr iiiiv ixxwxx V XA O vlJX VJJ.llVJoL»lJ.lGS> 1 


U {v/o) 


Q ft AA0/\ 

o (lUUyo) 


White women (n=18 chromosomes) 


14 (78%) 


4 (22%) 


ESRD due to NIDDM 






Black men (n=12 chromosomes) 


1 (8%) 


11 (92%) 


Black women (n=16 chromosomes) 


2 (13%) 


14 (88%) 


White men (n=10 chromosomes) 


2 (20%) 


8 (80%) 


White women (n=8 chromosomes) 


2 (25%) 


6 (75%) 


HYPERTENSION fHTN) 






Black men (n=24 chromosomes) 


3 (13%) 


21 (88%) 


Black women (n=24 chromosomes) 


2 (8%) 


22 (92%) 


White men (n=22 chromosomes) 


7 (32%) 


15 (68%) 


White women (n=20 chromosomes) 


8 (40%) 


12 (60%) 


ESRD due to HTN | 






Black men (n=20 chromosomes) 


4 (20%) 


16 (80%) 


Black women (n=18 chromosomes) 


0 (0%) 


18 (100%) 


White men (n=18 chromosomes) 


5 (28%) 


13 (72%) 


White women (n=18 chromosomes) 


3 (17%) 


15 (83%) 


MYOCARDIAL INFARCTION 






White women (n=14 chromosomes) 


5 (36%) 


9 (64%) 
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Table 10 

ALLELE FREQUENCY FOR GROUP II DISEASES 









£ ■ MS) 


V. Si-" 




Disease, '! » 




yz 


7S 
/ j 


R1 5% 


1 7 


1 R S% 

1 O.J / 0 


controls 


Air I can- American 


Caucasian 


99 


J7 


64 1% 

U*ti 1 /o 


jj 


JJ.7 /□ 


Colon cancer 


African'- American 


4R 

HO 


H^f 


R7 5% 




1 9 S% 

1Z>.J /o 


Caucasian 


AA 
HO 




71 7<V£ 


1 ^ 
1j 


9R ^% 
ZO.J /o 


Hypertension 


African-American 




A1 


RQ £oz 


c 
J 


i n 4oz 


Caucasian 


AA 
HH 


Z/ 


/\1 AOZ 


1 7 


1R f&A 
jfi.o /o 


AM*VD due to Ml IN 


African-American 


^9 
DZ 




oa 90Z 


Z 


ROZ 
J.O /o 


Caucasian 


jU 


AA 


Q9 no/ 


H 


R AOZ 
o.U/o 


tVA due to xxiiN 


African- American 


4R 

H o 


49 


R7 5©Z. 
o / . j so 


O 


19 

IZ.j /o 


Caucasian 


AR 
HO 


^9 
OZ 


OO. / /0 


1 A 
ID 


JJ • J /o 


Cataracts due to HTN 


African-American 


AR 
Ho 


A9 
HZ 


R7 ^oz 
0 / . j /o 


O 


19 

IZ.J /o 


Caucasian 


A A 
HH 


jj 


7^ flOZ 
/j.U/o 


1 1 


9^ noz 


HTNCM 


African-American 


AR 
*r 0 


4^ 

Hj 


RQ fi% 


c 

D 


i n 4% 

1 U.H /O 


jyii Que to mil 


Airican- American 


49 


41 

HI 


Q7 fio/ 

■ 3r / .U /O 


1 

1 


9 4% 


Caucasian 




oy 


R4 R% 

OH.O /0 


7 


1 S 9% 
X J ifc /o 


ASPVD due to NIDDM 


Aincan-Amencan 


4R 

HO 


41 

Hi 


R5 4% 

OJ.T/0 


7 


14 6% 


Caucasian 


48 


36 


75.0% 


12 


25.0% 


CVA due to NIDDM 


African-American 


ho 


4S 




j 


U.J /o 


Tsrlipmic 


A f ri ca ii - A in f*ri can 


4R 
to 


JU 


7S 0% 


19 


9S 0% 


Ischemic CM with NIDDM 


African-American 


48 


45 


93.8% 


3 


6.3% 


MI due to NIDDM 


African-American 


48 


42 


87.5% 


6 


12.5% 


Afib without valvular disease 


African-American 


48 


41 


85.4% 


7 


14.6% 


Caucasian 


48 


29 


60.4% 


19 


39.6% 


Alcohol abuse 


African-American 


48 


40 


83.3% 


8 


16.7% 


Caucasian 


48 


41 


85.4% 


7 


14.6% 


Anxiety 


African-American 


48 


39 


81.3% 


9 


18.8% 


Asthma 


African-American 


46 


40 


87.0% 


6 


13.0% 


Caucasian 


48 


26 


54.2% 


22 


45.8% 


COPD 


African-American 


46 


34 


73.9% 


12 


26.1% 


Caucasian 


42 


27 


64.3% 


15 


35.7% 
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CHROMOSOMES 


■N, 


■ % • 






Cholecystectomy 


African-American 


48 


42 


87.5% 


6 


12.5% 


Caucasian 


46 


27 


58.7% 


19 


41.3% 


DJD 


African-American 


42 


38 


90.5% 


4 


9.5% 


ESRD and frequent de-clots 


African- American 


46 


38 


82.6% 


8 


17.4% 


Caucasian 


42 


30 


71.4% 


12 


28.6% 


ESRD due to FSGS 


African-American 


46 


39 


84.8% 


7 


15.2% 


Caucasian 


46 


35 


76.1% 


11 


23.9% 


ESRD due to IDDM 


African- American 


48 


45 


93.8% 


3 


6.3% 


Seizure disorder 


African-American 


48 


44 


91.7% 


4 


8.3% 


Caucasian 


48 


32 


66.7% 


16 


33.3% 



Table 11 



GENOTYPE FREQUENCIES FOR GROUP I DISEASES 




C/C 


C/T 


T/T 


CONTROLS 








Black men (n=42) 


0 (0%) 


10 (24%) 


32 (76%) 


Black women (n=37) 


i 2 (5%) 


14 (38%) 


21 (57%) 


White men (n=38) 


! 5 (13%) 


19 (50%) 


14 (37%) 


White women (n-47) 


2 (4%) 


25 (53%) 


20 (43%) 


DISEASE 








BREAST CANCER 








Black women (n=20) 


0 (0%) 


7 (35%) 


13 (65%) 


White women (n=19) 


1 (5%) 


10 (53%) 


8 (42%) 


LUNG CANCER 








Black men (n=20) 


8 (40%) 


5 (25%) 


7 (35%) 


Black women (n=16) 


0 (0%) 


6 (38%) 


10 (63%) 


White men (n=20) 


2(10%) 


13 (65%) 


5 (25%) 


White women (n=l 1) 


2(18%) 


4 (36%) 


5 (45%) 


PROSTATE CANCER 








Black men (n=20) 


0 (0%) 


9 (45%) 


11 (55%) 


White men (n=l 9) 


2(11%) 


13 (68%) 


4 (21%) 


NIDDM 








Black men (n~2) 


0 (0%) 


1 (50%) 


1 (50%) 


Black women (n=3) 


1 (33%) 


1 (33%) 


1 (33%) 


White men (n=4) 


0 (0%) 


0 (0%) 


4(100%) 


White women (n=9) 


6 (67%) 


2 (22%) 


1 (11%) 


ESRD due to NIDDM 








Black men (n=6) 


0 (0%) 


1 (17%) 


5 (83%) 


Black women (n=8) 


0 (0%) 


2 (25%) 


6 (75%) 


White men (n=5) 


0 (0%) 


2 (40%) 


3 (60%) 
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White women (n=4) 


0 (0%) 


2 (50%) 


2 (50%) 


HYPERTENSION (HTN) 








Black men (n=12) 


0 (0%) 


3 (25%) 


9 (75%) 


Black women (n=14) 


0 (0%) 


2 (17%) 


12 (83%) 


White men (n=l l) 


1 (9%) 


5 (45%) 


5 (45%) 


White women (n=10) 


1 (10%) 


6 (60%) 


3 (30%) 


ESRD due to HTN 








Black men (n=10) 


1 (10%) 


2 (20%) 


7 (70%) 


Black women (n=9) 


0 (0%) 


0 (0%) 


9(100%) 


White men (n=9) 


0 (0%) 


5 (56%) 


4 (44%) 


White women (n=9) 


0 (0%) 


3 (33%) 


6 (67%) 


MYOCARDIAL INFARCTION 








White women (n=7) 


0 (0%) 


5 (71%) 


2(29%) 



Table 12 

GENOTYPE FREQUENCIES FOR GROUP E DISEASES 







m 




li 


3$)* >HSt- ' si 


* > 








46 


31 


67.4% 


13 


28.3% 


2 


4.3% 


Controls 


African- American 


Caucasian 


46 


18 


39.1% 


23 


50.0% 


5 


10.9% 


Colon cancer 


African-American 


24 


18 


75.0% 


6 


25.0% 


0 


0.0% 


Caucasian 


23 


12 


52.2% 


9 


39.1% 


2 


8.7% 


Hypertension 


African-American 


24 


19 


79.2% 


5 


20.8% 


0 


0.0% 


Caucasian 


22 


8 


36.4% 


11 


50.0% 


3 


13.6% 


ASPVD due to HTN 


African-American 


26 


24 


92.3% 


2 


7.7% 


0 


0.0% 


Caucasian 


25 


21 


84.0% 


4 


16.0% 


0 


0.0% 


CVA due to HTN 


African-American 


24 


18 


75.0% 


6 


25.0% 


0 


0.0% 


Caucasian 


24 


12 


50.0% 


8 


33.3% 


4 


16.7% 


Cataracts due to HTN 


African-American 


24 


18 


75.0% 


6 


25.0% 


0 


0.0% 


Caucasian 


22 


11 


50.0% 


11 


50.0% 


0 


0.0% 


HTN CM 


African-American 


24 


19 


79.2% 


5 


20.8% 


0 


0.0% 


ASPVD due to NTODM 


African-American 


24 


17 


70.8% 


7 


29.2% 


0 


0.0% 


Caucasian 


24 


13 


54.2% 


10 


41.7% 


1 


4.2% 


CVA due to NTODM 


African-American 


24 


21 


87.5% 


3 


12.5% 


0 


0.0% 


Ischemic CM 


African-American 


24 


16 


66.7% 


4 


16.7% 


4 


16.7% 


Ischemic CM with NIDDM 


African-American 


24 


21 


87.5% 


3 


12.5% 


0 


0.0% 


Afib without valvular disease 


African-American 


24 


19 


79.2% 


3 


12.5% 


2 


8.3% 


Caucasian 


24 


9 


37.5% 


11 


45.8% 


4 


16.7% 
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*5 : , Hi' i J ? 


rEeople: 


n: 


| 5 $YT , 


% 






Ic/c 


Alcohol abuse 


African-American 


24 


16 


66.7% 


8 


33.3% 


0 


0.0% 




Caucasian 


24 


17 


70.8% 


7 


29.2% 


0 


0.0% 


Anxiety 


African-American 


24 


16 


66.7% 


7 


29.2% 


1 


4.2% 


Asthma 


African-American 


23 


17 


73.9% 


6 


26.1% 


0 


0.0% 




Caucasian 


24 


8 


33.3% 


10 


41.7% 


6 


25.0% 


COPD 


African-American 


23 


13 


56.5% 


8 


34.8% 


2 


8.7% 




Caucasian 


21 


9 


42.9% 


9 


42.9% 


3 


14.3% 


Cholecystectomy 


African-American 


24 


18 


75.0% 


6 


25.0% 


0 


0.0% 




Caucasian 


23 


8 


34.8% 


11 


47.8% 


4 


17.4% 


DJD 


African- American 


21 


17 


81.0% 


4 


19.0% 


0 


0.0% 


ESRD and frequent de-clots 


African-American 


23 


17 


73.9% 


4 


17.4% 


2 


8.7% 




Caucasian 


21 


11 


52.4% 


8 


38.1% 


2 


9.5% 


ESRD due to FSGS 


African-American 


23 


16 


69.6% 


7 


30.4% 


0 


0.0% 




Caucasian 


23 


12 


52.2% 


11 


47.8% 


0 


0.0% 


ESRD due to TDDM 


African-American 


24 


21 


87.5% 


3 


12.5% 


0 


0.0% 


Seizure disorder 


African-American 


24 


20 


83.3% 


4 


16.7% 


0 


0.0% 




Caucasian 


24 


10 


41.7% 


12 


50.0% 


2 


8.3% 



Allele-Specific Odds Ratios 

The susceptibility allele is indicated, as well as the odds ratio (OR). Haldane's 
correction was used if the denominator was zero. If the odds ratio (OR) was > 1.5, the 
95% confidence interval (CI.) is also given. An odds ratio of 1.5 was chosen as the 
5 threshold of significance based on the recommendation of Austin et al. in Epidemiol Rev., 
16:65-76, (1994). "[E]pidemiology in general and case-control studies in particular are 
not well suited for detecting weak associations (odds ratios < 1.5)." Id. at 66. Odds ratios 
of 1.5 or higher are high-lighted below. 



Table 13 



ALLELE-SPECIFIC ODDS RATIOS FOR GROUP I DISEASES 


SUSCEPTIBILITY 




DISEASE 


ALLELE 


OR 95% C.I. 


Breast Cancer 


Black women 


T 


LI 0.6-4.0 


White women 


C 


1.0 


Lung Cancer 
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Black men 


C 


8J. 


3.3-20 


Black women 


T 


1.4 




White men 


T 


0.8 




White women 


C 


1.3 




Prostate Cancer 


Black men 


C 


2d. 


0.8-5.8 


White men 


C 


0.8 




NIDDM 


Black men 


C 


M 


0.2-26 


Black women 


C 


3.1 


0.6-17 


White men 


T 


10.6 


1.4-81 


White women 


C 


7.8 


2.4-26 


ESRD due to NIDDM* 


Black men 


T 


3.7 


0.2-78 


Black women 


T 


7.0 


0.8-62 


White men 


C 


5.0 


0.5-47 


White women 


T 


10.5 


1.5-74 


Hypertension (HTN) 


Black men 


C 


1.1 




Black women 


T 


3.5 


0.8-17 


White men 


T 


1.3 




White women 


C 


1.5 


0.6-40 


ESRD due to HTN* 1 


Black men 


C 


1.8 


0.3-9.0 


Black women 


T 


4.1 


0.5-37 


White men 


T 


1.2 




White women 


T 


23 


0.5-11 


Myocardial Infarction 


White women 


C 


1.2 





* Compared to group with NIDDM alone. 
* ! Compared to group with HTN alone. 



Table 14 



ALLELE-SPECIFIC ODDS RATIOS FOR GROUP H DISEASES 





mm. 


^6 
Ratio 


poweiS 

mm 

mm 

wm§ 


Ml 

pLfimitfi 

few- 


mm 
mm 






T 


LA 


0.6 


4.3 




Colon cancer 


African-American 


Caucasian 


T 


1.4 


0.7 


3.1 




ASPVD due to HTN* 


African-American 


T 


Z2 


0.5 


15.8 




Caucasian 


T 


LI 


2.2 


23.8 
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Mlelei 


... , J. * 

Qdds 
Ratio 


Loiyer 

T i^is-t 

Lfimit 
95% 

' 


Upper 
- Limit 
95% 


V " , h 

i '\4 

Haldane 


CVA due to HTN* 


African-American 


c 


1.2 


0.3 


4.3 




Caucasian 


T 


13 


0.5 


3.0 




Cataracts due to HTN* 


African-American 


T 


M 


0.6 


4.3 




Caucasian 


T 


LI 


0.8 


3.8 




Afib without valvular disease 


African-American 


T 


13 


0.5 


3.5 




Caucasian 


C 


1.2 


0.6 


2.4 




Alcohol abuse 


African-American 


T 


1.1 


0.4 


2.9 




Caucasian 


T 


M 


13 


8.1 




Anxiety 


African- American 


C 


1.0 


0.4 


2.5 




Asthma 


African-American 


T 


LS 


0.6 


4.1 




Caucasian 


C 


LI 


0.7 


3.1 




COPD 


African-American 


C 


L6 


0.7 


3.6 




Caucasian 


T 


1.0 


0.5 


2.2 




Cholecystectomy 


African-American 


T 


M 


0.6 


4.3 




Caucasian 


C 


13 


0.6 


2.6 




DJD 


African- American 


T 


2.2 


0.7 


6.8 




ESRD and frequent de-clots 


African- American 


T 


1.1 


0.4 


2.7 




Caucasian 


T 


1.4 


0.6 


3.1 




ESRD due to FSGS 


African-American 


T 


13 


0.5 


3.3 




Caucasian 


T 


LS 


0.8 


4.0 




ESRD due to EDDM 


African-American 


T 


M 


0.9 


12.3 




Seizure disorder 


African-American 


T 


Z5 


0.8 


7.9 




Caucasian 


T 


1.1 


0.5 


23 





Genotype-Specific Odds Ratios 

The susceptibility allele (S) is indicated, and the alternative allele at this locus is 
defined as the protective allele (P). Also presented is the odds ratio (OR) for the SS and 
SP genotypes. The odds ratio for the PP genotype is 1 by definition, since it is the 
5 reference group, and is not presented in the table below. For odds ratios > 1.5, the 

asymptotic 95% confidence interval (C.L) is also given, in parentheses. An odds ratio of 
1.5 was chosen as the threshold of significance based on the recommendation of Austin et 
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al., in Epidemiol Rev., 16:65-76 (1994). "[E]pidemiology in general and case-control 
studies in particular are not well suited for detecting weak associations (odds ratios < 
1.5)." Id. at 66. 

Odds ratios of 1.5 or higher are high-lighted below. Haldane's correction was used 
5 when the denominator was zero. 



Table 15 



GENOTYPE-SPECIFIC ODDS RATIOS FOR GROUP I DISEASES | 


SUSCEPTIBILITY 






DISEASE 


ALLELE 


OR(SS) 


OR(SP) 


Breast Cancer 


Black women 


T 


3.1 (0.3-28) 


2. 6 (0.3-24) 


Lung Cancer 


Black men 


C 


74 (9.1-598) 


2.3 (0.9-5.7) 


Prostate Cancer 


Black men 


C 


2£ (0.2-47) 


2£ (1.2-5.6) 


NIDDM 


Black men 


C 


22 (1.1-437) 


£i (0.6-17) 


Black women 


C 


11 (0.5-240) 


LI (0.1-26) 


White men 


T 


3A (0.4-30) 


0.3 


White women 


C 


60 (4.6-782) 


L6 (0.1-19) 


ESRD due to NIDDM* 


Black men 


T 


3.7(0.2-78) 


1.0 


Black women 


T 


13 (1.0-173) 


M (0.3-73) 


White men 


C 


1.3 


64 (0.6-68) 


White women 


T 


22(1.8-261) 


23(1.2-141) 


Hypertension (HTN) 


Black women 


T 


2,9(0.3-26) 


0.9 


White women 


C 


33 (0.2-49) 


1^(0.4-7.2) 


ESRD due to HTN* 1 


Black men 


C 


M (0.4-40) 


0.9 


Black women 


T 


0.8 


0.2 


White women 


T 


5.6 (0.5-64) 


L6 (0.1-19) 



Compared to group with NIDDM alone. 
Compared to group with HTN alone. 
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Table 16 

GENOTYPE-SPECIFIC ODDS RATIOS FOR GROUP II DISEASES 





Allele 


- 'V/-, 

• if $41 
OdSs 

, *»' l ♦!» * i 


, - . « 

pi 




Maidane 


Disease , U t- fe#'^ v > a "\ m* 




TP 
1 


7 if 

LA 


0.6 


4.3 




Colon cancer 


African-American 


Caucasian 


1 


1.4 


0.7 


3.1 




ASPVD due to HTN* 


African-American 


T 


2J> 


0.5 


15.8 




Caucasian 


1 




2.2 


23.8 




CVA due to HTN* 


African-American 


c 


1.2 


0.3 


4.3 




Caucasian 


1 


1.3 


0.5 


3.0 




Cataracts due to HTN* 


African-American 


T 


1.6 


0.6 


4.3 




Caucasian 


1 


1*7 


0.8 


3.8 




Afib without valvular disease 


African-American 


T 


1.3 


0.5 


3.5 




Caucasian 


C 


1.2 


0.6 


2.4 




Alcohol abuse 


African-American 


nn 
I 


1.1 


0.4 


2.9 




Caucasian 


T 


33 


1.3 


8.1 




Anxiety 


African-American 


c 


1.0 


0.4 


2.5 




Asthma 

f*3 III 11 1 q 


/virican-i\m encan 


T 


LI 


0.6 


4.1 




Caucasian 


C 


LI 


0.7 


3.1 




COPD 


African-American 




7 iC 


U.7 


3.6 




Caucasian 


T 


1.0 


0.5 


2.2 




Cholecystectomy 


African-American 


T 


M 


0.6 


4.3 




Caucasian 


C 


1.3 


0.6 


2.6 




DJD 


African-American 


T 




0.7 


6.8 




ESRD and frequent de-clots 


African-American 


T 


1.1 


0.4 


2.7 




Caucasian 


T 


1.4 


0.6 


3.1 




ESRD due to FSGS 


African-American 


T 


1.3 


0.5 


3.3 




Caucasian 


T 


M 


0.8 


4.0 




ESRD due to BDDM 


African-American 


T 


£4 


0.9 


12.3 




Seizure disorder 


African-American 


T 


ZA 


0.8 


7.9 






Caucasian 


T 


1.1 


0.5 


2.3 





*- Compared to group with Hypertension alone. 
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PCR and sequencing were conducted as in Example 1. The primers were the same 
as in Example 1. The control samples agree with Hardy- Weinberg equilibrium, as 
follows: 

In the control group for the Group I Diseases, a frequency of 0.12 for the C allele 
5 ("p") and 0.88 for the T allele ("q") among black male control individuals predicts 

genotype frequencies of 1% C/C, 22% C/T, and 77% T/T at Hardy- Weinberg equilibrium 
(p 2 + 2pq + q 2 = 1). The observed genotype frequencies were 0% C/C, 24% C/T, and 76% 
T/T, in excellent agreement with those predicted for Hardy-Weinberg equilibrium. 

A frequency of 0.24 for the C allele (V) and 0.76 for the T allele ("q") among 
10 black female control individuals predicts genotype frequencies of 6% C/C, 36% C/T, and 
58% T/T at Hardy-Weinberg equilibrium (p 2 + 2pq + q 2 = 1). The observed genotype 
frequencies were 5% C/C, 38% C/T, and 57% T/T, in excellent agreement with those 
predicted for Hardy-Weinberg equilibrium. 

A frequency of 0.38 for the C allele ("p") and 0.62 for the T allele ("q") among 
15 white male control individuals predicts genotype frequencies of 14% C/C, 48% C/T, and 
38% T/T at Hardy-Weinberg equilibrium (p 2 + 2pq + q 2 = 1). The observed genotype 
frequencies were 13% C/C, 50% C/T, and 37% T/T, in excellent agreement with those 
predicted for Hardy-Weinberg equilibrium. 

A frequency of 0.31 for the C allele ("p") and 0-69 for the T allele ("q") among 
20 white female control individuals predicts genotype frequencies of 10% C/C, 42% C/T, and 
48% T/T at Hardy-Weinberg equilibrium (p 2 + 2pq + q 2 = 1). The observed genotype 
frequencies were 4% C/C, 53% C/T, and 43% T/T, in fair agreement with those predicted 
for Hardy-Weinberg equilibrium. 

In the control group for the Group II Diseases, a frequency of 0.18 for the C allele 
25 ("p") and 0.82 for the T allele ("q") among African- American control individuals predicts 
genotype frequencies 3.2% C/C, 29.5% C/T, and 67.2% T/T at Hardy-Weinberg 
equilibrium (p 2 + 2pq + q 2 = 1). The observed genotype frequencies were 4.3% C/C, 
28.3% C/T, and 67.4% T/T, in almost perfect agreement with those predicted for Hardy- 
Weinberg equilibrium. 

30 A frequency of 0.36 for the C allele ("p") and 0.64 for the T allele ("q") among 

Caucasian control individuals predicts genotype frequencies of 12.9% C/C, 46.1% C/T, 



WO 02/08467 



PCT/US01/23321 



55 

and 41.0% TVT at Hardy-Weinberg equilibrium (p 2 + 2pq + q 2 = 1). The observed 
genotype frequencies were 10.9% C/C, 50.0% C/T, and 39.1 % T/T, in excellent 
agreement with those predicted for Hardy-Weinberg equilibrium. 

5 RESULTS 

Using an allele-specific odds ratio of 1.5 or greater as a practical level of 
significance, the following observations can be made. 

Among black women with breast cancer, the odds ratio for the T allele at this locus 
was 1.5 (95% CI, 0.6-4.0). The odds ratio for the TC heterozygote was 2.6 (95% CI, 0.3- 
10 24), and 3.1 (95% CI, 0.3-28) for the TT homozygote. The genotype-specific odds ratios 
suggest that the T allele behaves as a dominant susceptibility allele. 

For black men with lung cancer, the odds ratio for the C allele at this locus was 8.2 
(95% CI, 3.3-20). The odds ratio for the CT heterozygote was 2.3 (95% CI, 0.9-5.7), and 
a remarkable 74 (95% CI, 9.1-598) for the CC homozygote. The genotype-specific odds 
1 5 ratios suggest that the T allele behaves as a dominant susceptibility allele, since the 
heterozygote (with one allele copy) has an odds ratio of 2.3, However^ there is a 
pronounced (more than multiplicative) effect of gene dosage, since the homozygote with 
two copies of the C allele displayed a more than 30-fold larger odds ratio. 

For black men with prostate cancer, the odds ratio for the C allele at this locus was 
2.1 (95% CI, 0.8-5.8). The odds ratio for the heterozygote (2.6, 95% CI, 1.2-5.6) was 
essentially the same as for the CC homozygote (2.8, 95% CI, 0.2-47), suggesting that the 
C allele behaves in a dominant fashion. 

For black men with NIDDM, the odds ratio for the C allele at this locus was 2.5 
(95% CI, 0.2-26). The odds ratio for the heterozygote was 3.1 (95% CI, 0.6-17), and for 
the CC homozygote was a remarkable 22 (95% CI, 1 .1-437). The genotype-specific odds 
ratios suggest that the C allele behaves as a dominant susceptibility allele, since the 
heterozygote (with one allele copy) had an odds ratio of 3.1. However, there is a 
pronounced effect of gene dosage, since the homozygote with two copies of the C allele 
displayed a more than 7-fold larger odds ratio than the heterozygote. 

For black women with NIDDM, the odds ratio for the C allele at this locus was 3.1 
(95% CI, 0.6-17). The odds ratio for the heterozygote was 1.5 (95% CI, 0.1-26), and for 
the CC homozygote was a remarkable 1 1 (95% CI, 0.5-240). The genotype-specific odds 
ratios suggest that the C allele behaves as a dominant susceptibility allele, since the 
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heterozygote (with one allele copy) had an odds ratio of 1.5. However, there is a 
pronounced (more than multiplicative) effect of gene dosage, since the homozygote with 
two copies of the C allele displayed a more than 7-fold larger odds ratio than the 
heterozygote, 

5 For white men with NIDDM, the odds ratio for the T allele at this locus was 10.6 

(95% CI, 1.4-81). The odds ratio for the heterozygote was actually less than one (0.3), but 
for the TT homozygote was 3.4 (95% CI, 0.4-30). The genotype-specific odds ratios 
suggest that the T allele behaves as a recessive susceptibility allele. 

For white women with NIDDM, the odds ratio for the C allele at this locus was 7.8 

10 (95% CI, 2.4-26). The odds ratio for the heterozygote was 1.6 (95% CI, 0.1-19), and for 
the CC homozygote was a remarkable 60 (95% CI, 4.6-782). The genotype-specific odds 
ratios suggest that the C allele behaves as a dominant susceptibility allele, since the 
heterozygote (with one allele copy) had an odds ratio of 1.6. However, there is a 
pronounced (more than multiplicative) effect of gene dosage, since the homozygote with 

1 5 two copies of the C allele displayed a more than 37-fold larger odds ratio than the 
heterozygote. 

For black men with ESRD due to NIDDM, the odds ratio for the T allele at this 
locus was 3.7 (95% CI, 0.2-78), compared with black men with NIDDM but no renal 
disease. The odds ratio for the heterozygote was 1.0, but for the TT homozygote was 3.7 

20 (95% CI, 0.2-78). The genotype-specific odds ratios suggest that the T allele behaves as a 
recessive susceptibility allele. 

For black women with ESRD due to NIDDM, the odds ratio for the T allele at this 
locus was 7.0 (95% CI, 0.8-62), compared with black women with NIDDM but no renal 
disease. The odds ratio for the heterozygote was 5.0 (95% CI, 0.3-73), and for the TT 

25 homozygote was 13 (95% CI, 1.0-173). The genotype-specific odds ratios suggest that the 
T allele behaves as a dominant susceptibility allele. However, there is a pronounced 
(more than additive) effect of gene dosage, since the homozygote with two copies of the C 
allele displayed a more than two-fold larger odds ratio than the heterozygote. 

For white men with ESRD due to NIDDM, the odds ratio for the C allele at this 

30 locus was 5.0 (95% CI, 0.5-47) vs. white men with NIDDM but no renal disease. 

Inspection of the genotype-specific odds ratios suggests that the C allele is codominant, 
since the heterozygote had a much higher odds ratio (6.4, 95% CI 0.6-68) than the CC 
homozygote (1.3) or the reference TT genotype (odds ratio 1, by definition). 
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For white women with ESRD due to NIDDM, the odds ratio for the T allele at this 
locus was 10.5 (95% CI, 1 .5-74) vs. white women with NIDDM but no renal disease. The 
odds ratio for the heterozygote was 13 (95% CI, 1.2-141), and the TT homozygote was 22 
(95% CI, 1.8-261). The genotype-specific odds ratios suggest that the T allele behaves as 
5 a dominant susceptibility allele. However, there is a pronounced (approximately additive) 
effect of gene dosage, since the homozygote with two copies of the T allele displayed a 
roughly two-fold larger odds ratio than the heterozygote. 

For black women with hypertension, the odds ratio for the T allele at this locus was 
3.5 (95% CI, 0.8-17). The odds ratio for the heterozygote was 0.9, but for the TT 
1 0 homozygote was 2.9 (95% CI, 0.3-26). The genotype-specific odds ratios suggest that the 
T allele behaves as a recessive susceptibility allele. 

For white women with hypertension, the odds ratio for the C allele at this locus 
was 1.5 (95% CI, 0.6-40). The odds ratio for the heterozygote was 1.6 (95% CI, 0.4-7.2), 
and for the CC homozygote was 3.3 (95% CI, 0.2-49). The genotype-specific odds ratios 
1 5 suggest that the C allele behaves in a dominant fashion, with a strictly additive effect of 
allele dosage, since 1.6 + 1.6 ~3.3. 

For black men with ESRD due to hypertension (HTN), the odds ratio for the C 
allele at this locus was 1 .8 (95% CI, 0.3-9.0) relative to black men with HTN but no renal 
failure. The odds ratio for the heterozygote was 0.9, but for the CC homozygote was 3.8 
20 (95% CI, 0.4-40). The genotype-specific odds ratios suggest that the C allele behaves in a 
recessive fashion. 

For black women with ESRD due to HTN, the odds ratio for the T allele was 4.1 
(95% CI, 0.5-37) relative to black women with HTN alone. The genotype-specific odds 
ratios were found to be unhelpful, so no inference can be drawn about whether the T allele 
behaves in a dominant, recessive, or codominant fashion. 

For white women with ESRD due to HTN, the odds ratio for the T allele was 2.3 
(95% CI, 0.5-1 1) relative to white women with HTN alone. The odds ratio for the 
heterozygote was 1.6 (95% CI, 0.1-19), and for the TT homozygote was 5.6 (95% CI, 0.5- 
64). The genotype-specific odds ratios suggest that the C allele behaves in a dominant 
fashion, with a more than multiplicative effect of allele dosage, since 5.6/(1.6) 2 = 5.6/3.56 
= 1.6>1. 

For Caucasians with alcohol abuse the odds ratio for the T allele was 3.3 (95% CI, 
1.3 - 8.1). The odds ratio for the homozygote (T/ T) was 10.4 H (95% CI, 0.6 - 186.1), 
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while the odds ratio for the heterozygote (T/ C) was 3.5 H (95% CI, 0.2 - 71.2). These data 
suggest that the T allele acts in a dominant manner in this patient population with a greater 
than additive effect of allele dosage [10.4 > 7 = (3.5 + 3.5 - 1.0)]. (Goldstein et aL, 
Monogr, Natl Cancer Inst, 26:49-54, 1999). These data further suggest that the ecNOS 
5 gene is significantly associated with alcohol abuse in Caucasians, i.e. abnormal activity of 
the ecNOS gene predisposes Caucasians to alcohol abuse. 

For African- Americans with ASPVD due to HTN the odds ratio for the T allele 
was 2.9 (95% CI, 0.5 - 15.8), compared to African-Americans with hypertension only. 
Data were not sufficient to generate genotypic odds ratios of 1 .5 or greater. These data 

10 further suggest that the ecNOS gene is significantly associated with ASPVD due to HTN 
in African- Americans, i.e. abnormal activity of the ecNOS gene predisposes African- 
Americans to ASPVD due to HTN. 

For Caucasians with ASPVD due to HTN the odds ratio for the T allele was 7.2 
(95% CI, 2. 2 -23. 8), compared to Caucasians with hypertension only. The odds ratio for 

15 the homozygote (T/ T) was 17.7 H (95% CI, 0.9 - 341 .9), while the odds ratio for Hie 

heterozygote (T/ C) was 2.7 H (95% CI, 0.1 - 64.4). These data suggest that the T allele 
acts in a dominant manner in this patient population with a greater than multiplicative 
effect of allele dosage [17.7 > 7.29 = (2.7)(2.7)]. These data further suggest that the 
ecNOS gene is significantly associated with ASPVD due to HTN in Caucasians, i.e. 

20 abnormal activity of the ecNOS gene predisposes Caucasians to ASPVD due to HTN. 

For African- Americans with cataracts due to HTN the odds ratio for the T allele 
was 1.6 (95% CI, 0.6 - 4.3). The odds ratio for the homozygote (T/ T) was 2.9 H (95% CI, 

0. 2 - 50.9), while the odds ratio for the heterozygote (T/ C) was 2.4 H (95% CI, 0.1 - 57.7). 
These data suggest that the T allele acts in a dominant manner in this patient population 

25 with a less than additive effect of allele dosage [2.9 < 4.8 = (2.4 + 2.4-1 .0)]. (Goldstein et 
aL; Monogr. Natl Cancer Inst, 26:49-54, 1999). These data further suggest that the 
ecNOS gene is significantly associated with cataracts due to HTN in African-Americans, 

1. e. abnormal activity of the ecNOS gene predisposes African-Americans to cataracts due 
to HTN. 

30 For Caucasians with cataracts due to HTN the odds ratio for the T allele was 1 .7 

(95% CI, 0.8 - 3.8). The odds ratio for the homozygote (T/ T) was 6.8 H (95% CI, 0.4 - 
124.8), while the odds ratio for the heterozygote (T/ C) was 5.4 H (95% CI, 0.3 - 106). 
These data suggest that the T allele acts in a dominant manner in this patient population 
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with a less than additive effect of allele dosage [6.8 < 10.8 = (5.4 + 5.4 - 1.0)]. (Goldstein 
et al., Monogr. Natl Cancer Inst., 26:49-54, 1999). These data further suggest that the 
ecNOS gene is significantly associated with cataracts due to HTN in Caucasians, i.e. 
abnormal activity of the ecNOS gene predisposes Caucasians to cataracts due to HTN. 
5 For African- Americans with cholecystectomy the odds ratio for the T allele was 

1.6 (95% CI, 0.6 - 4.3). The odds ratio for the homozygote (T/ T) was 2.9 H (95% CI, 0.2 - 
50.9), while the odds ratio for the heterozygote (T/ C) was 2.4 H (95% CI, 0.1 - 57.7). 
These data suggest that the T allele acts in a dominant maimer in this patient population 
with a less than additive effect of allele dosage [2.9 < 4.8 = (2.4 + 2.4 - 1.0)]. (Goldstein et 

10 al., Monogr. Natl Cancer Inst., 26:49-54, 1999). These data further suggest that the 

ecNOS gene is significantly associated with cholecystectomy in African- Americans, i.e. 
abnormal activity of the ecNOS gene predisposes African- Americans to cholecystectomy. 

For African-Americans with colon cancer the odds ratio for the T allele was 1.6 
(95% CI, 0.6 - 4.3). The odds ratio for the homozygote (T/ T) was 2.9 H (95% CI, 0.2 - 

15 50.9), while the odds ratio for the heterozygote (T/ C) was 2.4 H (95% CI, 0.1 - 57.7). 
These data suggest that the T allele acts in a dominant manner in this patient population 
with a less than additive effect of allele dosage [ 2.9 < 4.8 = ( 2.4 + 2.4 - 1.0)]. (Goldstein 
et al., Monogr. Natl Cancer Inst , 26:49-54, 1999). These data further suggest that the 
ecNOS gene is significantly associated with colon cancer in African-Americans, i.e. 

20 abnormal activity of the ecNOS gene predisposes African- Americans to colon cancer. 

For African-Americans with COPD the odds ratio for the C allele was 1.6 (95% 
CI, 0.7 - 3.6). Data were not sufficient to generate genotypic odds ratios of 1.5 or greater. 
These data further suggest that the ecNOS gene is significantly associated with COPD in 
African-Americans, i.e. abnormal activity of the ecNOS gene predisposes African- 

25 Americans to COPD. 

For African- Americans with DJD (osteoarthritis) the odds ratio for the T allele was 
2.2 (95% CI, 0.7 - 6.8). The odds ratio for the homozygote (T/ T) was 2.8 H (95% CI, 0.2 - 
48.2), while the odds ratio for the heterozygote (T/ C) was 1.7 H (95% CI, 0.1 - 41.6). 
These data suggest that the T allele acts in a dominant manner in this patient population 

30 with a greater than additive effect of allele dosage [2.8 > 3.4 = (1.7 + 1 .7 - 1.0)]. 

(Goldstein et al., Monogr. Natl. Cancer Inst., 26:49-54, 1999). These data further suggest 
that the ecNOS gene is significantly associated with DJD (osteoarthritis) in African- 
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Americans, i.e. abnormal activity of the ecNOS gene predisposes African- Americans to 
DID (osteoarthritis). 

For African- Americans with ESRD due to IDDM the odds ratio for the T allele 
was 3.4 (95% CI, 0.9 - 12.3). The odds ratio for the homozygote (T/ T) was 3.4 H (95% 
5 CI, 0.2 - 58.8), while the odds ratio for the heterozygote (TY C) was 1.3 H (95% CI, 0 - 
33.6). These data suggest that the T allele acts in a recessive manner in this patient 
population. These data further suggest that the ecNOS gene is significantly associated 
with ESRD due to IDDM in African- Americans, i.e. abnormal activity of the ecNOS gene 
predisposes African- Americans to ESRD due to IDDM. 

10 For Caucasians with ESRD due to FSGS the odds ratio for the T allele was 1 .8 

(95% CI, 0.8 - 4). The odds ratio for the homozygote (T/ T) was 7.4 H (95% CI, 0.4 - 
135), while the odds ratio for the heterozygote (T/ C) was 5.4 H (95% CI, 0.3 - 106). 
These data suggest that the T allele acts in a dominant manner in this patient population 
with a less than additive effect of allele dosage [7.4 < 10.8 = (5.4 + 5.4 - 1.0)]. (Goldstein 

15 et al., Monogr. Natl Cancer Inst, 26:49-54, 1999). These data further suggest that the 
ecNOS gene is significantly associated with ESRD due to FSGS in Caucasians, i.e. 
abnormal activity of the ecNOS gene predisposes Caucasians to ESRD due to FSGS. 

For African-Americans with hypertension only the odds ratio for the T allele was 
1.9 (95% CI, 0.7 - 5.7). The odds ratio for the homozygote (T/ T) was 3.1 H (95% CI, 0.2 - 

20 53.5), while the odds ratio for the heterozygote (T/ C) was 2.0 H (95% CI, 0.1- 49.7). 
These data suggest that the T allele acts in a dominant manner in this patient population 
with a greater than additive effect of allele dosage [3.1>4 = (2 + 2- 1.0)]. (Goldstein et 
al., Monogr. Natl. Cancer Inst., 26:49-54, 1999). These data further suggest that the 
ecNOS gene is significantly associated with hypertension only in African-Americans, i.e. 

25 abnormal activity of the ecNOS gene predisposes African- Americans to hypertension 
only. 

For African- Americans with seizure disorder the odds ratio for the T allele was 2.5 
(95% CI, 0.8 - 7.9). The odds ratio for the homozygote (T/ T) was 3.3 H (95% CI, 0.2 - 
56.2), while the odds ratio for the heterozygote ( T/ C) was 1 .7 H (95% CI, 0. 1 - 41 .6). 
30 These data suggest that the T allele acts in a dominant manner in this patient population. 
These data further suggest that the ecNOS gene is significantly associated with seizure 
disorder in African-Americans, i.e. abnormal activity of the ecNOS gene predisposes 
African- Americans to seizure disorder. 
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ANALYSIS 

According to commercially available software [GENOMATIX Matlnspector 
Professional; URL: http://genomatix.gsf.de/cgi-bin/m^ ; Quandt 

et al., Nucleic Acids Res. 23: 4878-4884 (1995)], the C2684— >T SNP is predicted to have 
5 the following potential effects on transcription of the ecNOS gene: 

a. Disruption of an NF1 (nuclear factor 1) binding site, which consists of the 
sequence S'-CCCTGGCeGGCTGACCCT-S^SEQ ID NO: 8), beginning at position 
+2677 on the (+) strand. This polymorphism replaces the indicated Q with a T, which 
should result in a weaker binding site for NF1, a transcriptional activator of ecNOS. NF1 

10 binding sites occur rather frequently, 4.1 1 times per 1000 base pairs of random genomic 
sequence. Since NF-1 is a positive transcriptional regulator, disruption of its binding site 
is expected to result in a decreased rate of transcription of the ecNOS gene. If the rate of 
translation is tied to the level of messenger RNA, as is the case for most proteins, then less 
gene product (ecNOS enzyme) will be the result, ultimately leading to less nitric oxide 

15 (NO) produced in tissues such as endothelial cells. 

b. Disruption of an ER (estrogen receptor) binding site, which consists of the 
sequence S'-CCCTGGCCGGCTGACCCT-S^SEQ ID NO: 8), beginning at position 
+2677 on the (+) strand. This polymorphism replaces the indicated Q with a T, which 
should result in a weaker binding site for the estrogen receptor, a transcriptional activator 

0 

20 of ecNOS. ER binding sites occur moderately frequently, at the rate of 1 .73 sites per 1000 
base pairs of random genomic sequence. Since the estrogen receptor is a transcriptional 
activator, disruption of its binding site is expected to result in a decreased rate of 
transcription of the ecNOS gene. If the rate of translation is tied to the level of messenger 
RNA, as is the case for most proteins, then less gene product (ecNOS enzyme) will be the 

25 result, ultimately leading to less nitric oxide (NO) produced in tissues such as endothelial 
cells. In rodents, androgens have been shown to accelerate renal failure. Thus, it is 
intriguing that this polymorphism might interfere with the effect of estrogen, essentially 
tilting the balance towards androgens. 

c. Disruption of a TCF1 1 (TCF1 1/KCR-Fl/Nrfl homodimer) binding site, 
30 which consists of the sequence S'-GTCAGCCGGCCAG-S^SEQ ID NO: 9), which ends 

at position +2679 on the (-) strand. This polymorphism replaces the C on the (+) strand by 
a T on the (+) strand. The complementary base on the (-) strand is thus changed from the 
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wild type Q 9 indicated in TCF1 Vs binding site, above, to an A, complementary to the T of 
the polymorphism. The TCF1 1 binding site occurs rather frequently, at the rate of 4.63 
times per 1000 base pairs of random genomic sequence. Involvement of the TCF1 1 
homodimer in regulation of ecNOS has not previously been demonstrated. 
5 d. Disruption of an AP4 (activator protein 4) binding site, which consists of 

the sequence 5'-GTCAGCCG£;C-3'(SEQ ID NO: 10), which ends at position +2682 on 
the (-) strand. The C2684— >T polymorphism replaces the C on the (+) strand by a T on 
the (+ ) strand. The complementary base on the (-) strand thus becomes A, rather than the 
wild type j£, as indicated immediately above. AP4 is a potent transcriptional activator. Its 

10 sites occur with only moderate frequency in genomic DNA: 0.96 times per 1000 base p^irs 
in a random genomic sequence of vertebrates. Disruption of an AP4 site is predicted to 
lead to a decrease in transcription of the ecNOS gene, with a resultant decrease in tissue 
nitric oxide production. 

e ? Disruption of a VMAF (v-Maf) binding site, which consists of the sequence 

15 5'-GC£GGCTGACCCTGCCTCA-3'(SEQ ID NO: 1 1), beginning at position +2682 on 
the (+) strand. Thus, the C2684~>T polymorphism replaces the indicated C by a T. 
VMAF sites occur moderately frequently, i.e., 0.99 times per 1000 base pairs of random 
genomic sequence in vertebrates. At the moment, very little is known about the regulation 
of ecNOS by the cellular homolog of v-Maf. 

20 Sim et al., Mol Genet Metab., 65: 562 (1998), reported a disruption of a Mspl 

restriction site in the ecNOS gene. However, the specific Mspl site reported in Sim et al., 
was not further identified by sequencing, and there are 1 1 Mspl restriction sites predicted 
in the sequence we have examined (GenBank Accession Number AF032908). 

25 Example 4 

G to A Transition at Position 2701 of H uman ecNOS Promoter 

Table 17 . 



ALLELE FREQUENCIES FOR GROUP I DISEASES i 




G 


A | 


CONTROL 






Black men (n=6 chromosomes) 


6 (100%) 


0 (0%) 


Black women (n=2 chromosomes) 


1 (50%) 


1 (50%) 


White men (n=8 chromosomes) 


5 (63%) 


3 (38%) 


White women (n=14 chromosomes) 


9 (64%) 


5 (36%) 1 
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DISEASE 






BREAST CANCER 






Black women ( n=l dirnmn^nmp^ 

iuwiv vv uxiiwii V JJ - X \J VXXX vXXl\JOV/XXXw&y 


JL U ^ x UU /0 ) 


U JU /Qj 


White women (n=14 chromosomes) 


13 (93%) 


1 (7%) 


LUNG CANCER 






Black men fn=l 6 <VhrAmn<:Amf*<A 

l^lttvJV lllvli \XX Aw V/X XX \JXXX\J oUJXI wO J 


1 U ^ 1 UU /o ) 




Black" wnmpn fn=1 f\ rlirnmncnmpc^ 

JJXOvJW WUlllwll V - *-*- X V/ C'lU VJJJXUovJIXXCo / 


ID ^1UU/0J 


U (U/oJ 


AVnite men (xv=\ f% rlirnmnQnmpc^ 

r Y 1X1 IV XAXV/XX ^XX X \J l/XXX IJXXXUO V/XXXCo 7 


AO \i\J\J/o) 


n few \ 

U (U/oJ 


White women (n=2 chromosomes) 


2 (100%) 


0 (0%) 


PROSTATE CANCER 






1 Or*!/" TTIP*TI ( 11 1 oVtrATYIAC/^IVtO^ 

J->x«i»/l\. illClx \il ID vlxx UIUUoUIIlcS^ 


1 /r /i nno/\ 
lu (lUuyo) 


A /AO/ \ 


w xixic xxicii \ii iu ciiruixxUaurn.cs ) 


i A / 1 aao/\ 
lu (lUuyo) 




NTDDM 






oiaw/iv men \i± — h cnruiiio som.cs ) 




2 (50%) 


Black women fn=6 chromosomes) 


x ^ x / /o ^ 


j ^oj> /o ^ 


White men (n=8 chromosomes) 


2 (25%) 


6 (75%) 


White women (n=6 chromosomes) 


5 (83%) 


1 (17%) 


ESRD due to NLDDM 






Black men (n=12 chromosomes) 


12(100%) 


0 (0%) 


Black women (n=16 chromosomes) 


16 (100%) 


0 (0%) 


White men (n=10 chromosomes) 


10 (100%) 


0 (0%) 


White women (n=8 chromosomes) 


8 (100%) 


0 (0%) 


MYOCARDIAL INFARCTION 






White women (n=14 chromosomes) 


14 (100%) 


0 (0%) 



Table 18 



GENOTYPE FREQUENCIES FOR GROUP I DISEASES 




G/G 


G/A 


A/A 


CONTROLS 


Black men (n=3) 


3 (100%) 


0 (0%) 


0 (0%) 


Black women (n=l) 


0 (0%) 


1 (100%) 


0 (0%) 


White men (n=4) 


1 (25%) 


3 (75%) 


0 (0%) 


White women (n=7) 


3 (43%) 


3 (43%) 


1 (14%) 


DISEASE 


BREAST CANCER 


Black women (n=8) 


8 (100%) 


0 (0%) 


0 (0%) 


White women (n=7) 


6 (86%) 


1 (14%) 


0 (0%) 


LUNG CANCER 


Black men (n=8) 


8 (100%) 


0 (0%) 


0 (0%) 


Black women (n=8) 


8 (100%) 


0 (0%) 


0 (0%) 


White men (n=8) 


8 (100%) 


0 (0%) 


0 (0%) 


White women (n=l) 


1 (100%) 


0 (0%) 


0 (0%) 


PROSTATE CANCER 
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Black men (n=8) 


8 (100%) 


0 


(0%) 


0 (0%) 


White men (n=8) 


8 (100%) 


0 


(0%) 


0 (0%) 


NIDDM 


Black men (n=2) 


0 (0%) 


2(100%) 


0 (0%) 


Black women (n=3) 


0 (0%) 


1 


(33%) 


2 (67%) 


White men (n=4) 


0 (0%) 


2 


(50%) 


2 (50%) 


White women (n=3) 


2 (67%) 


1 


(33%) 


0 (0%) 


ESRD due to NIDDM 


Black men (n=6) 


6 (100%) 


0 


(0%) 


0 (0%) 


Black women (n=8) 


8 (100%) 


0 


(0%) 


0 (0%) 


White men (n=5) 


5 (100%) 


0 


(0%) 


0 (0%) 


White women (n=4) 


4(100%) 


0 


(0%) 


0 (0%) 


MYOCARDIAL INFARCTION 


White women (n=7) 


7 (100%) 


0 


(0%) 


0 (0%) 



Allele-Specific Odds Ratios 

The susceptibility allele is indicated, as well ais the odds ratio (OR). Haldane's 
correction was used if the denominator was zero. If the odds ratio (OR) was > 1.5, the 
5 95% confidence interval (CI.) is also given. An odds ratio of 1.5 was chosen as the 

threshold of significance based on the recommendation of Austin et al. in Epidemiol Rev., 
16:65-76, (1994). "[E]pidemiology in general and case-control studies in particular are 
not well suited for detecting weak associations (odds ratios < 1.5)/' Id at 66. Odds ratios 
of 1 .5 or higher are high-lighted below. 



Table 19 



ALLELE-SPECIFIC ODDS RATIOS FOR GROUP I DISEASES 


SUSCEPTD3DLITY 






DISEASE 


ALLELE 


OR 


95% CI. 


Breast Cancer 


Black women 


G 


33 


2.6-424 


White women 


G 


5.2 


1.3-21 


Lung Cancer 


Black men 


G 


1.0 




Black women 


G 


33 


2.6-424 


White men 


G 


21 


2.3-190 


White women 


G 


23 


0.3-28 


Prostate Cancer 


Black men 


G 


1.0 




White men 


G 


21 


2.3-190 


NIDDM 


Black men 


A 


13 


0.8-219 


Black women 


A 


5.0 


0.2-167 
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White men 


A 


5.0 


0.6-43 


White women 


G 


2.1 


0.5-9.3 


ESRD due to NIDDM* 


Black men 


G 


25 


1.5-411 


Black women 


G 


33 


2.0-539 


White men 


G 


63 


4.8-820 


White women 


G 


3.4 


0.2-65 


Myocardial Infarction 


White women 


G 


17 


2.0-141 



* Compared to group with NIDDM alone. 



Genotype-Specific Odds Ratios 

The susceptibility allele (S) is indicated, and the alternative allele at this locus is 
defined as the protective allele (P). Also presented is the odds ratio (OR) for the SS and 
SP genotypes. The odds ratio for the PP genotype is 1 by definition, since it is the 
reference group, and is not presented in the table below. For odds ratios > 1 .5, the 
asymptotic 95% confidence interval (C.I.) is also given, in parentheses. An odds ratio of 
1.5 was chosen as the threshold of significance based on the recommendation of Austin et 
al., in Epidemiol Rev., 16:65-76 (1994). "[E]pidemiology in general and case-control 
studies in particular are not well suited for detecting weak associations (odds ratios < 
1.5)." Id. at 66. 

Odds ratios of 1 .5 or higher are high-lighted below. Haldane's correction was used 
when the denominator was zero. 

Table 20 



GENOTYPE-SPECIFIC ODDS RATIOS FOR GROUP I DISEASES 


SUSCEPTD3DLITY 






DISEASE 


ALLELE 


ORfSS) 


OR(SP) 


Breast Cancer 


Black women 


G 


17 (0.6-524) 


0.3 


White women 


G 


5.6 (0.5-64) 


1.3 


Lung Cancer 


Black women 


G 


1 7 (0.6-524) 


0.3 


White men 


G 


£7(0.3-118) 


0.1 


White women 


G 


1.3 


0.4 


Prostate Cancer 


White men 


G 


5.7(0.3-118) 


0.1 


NIDDM 


Black men 


A 


7.0(0.2-226) 


35 (1.7-703) 


Black women 


A 


5.0(0.2-167) 


1.0 


White men 


A 


15 (0.7-340) 


2.1 (0.2-27) 


White women 


G 


2.1 (0.2-27) 


1.3 
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ESRD due to NLDDM* 


Black men 


G 


13 (0.4-405) 


0.2 


Black women 


G 


85 (4.5-1617) 


£7(0.1-38) 


White men 


G 


55. (2.8-1068) 


1.0 


White women 


G 


1.8 (0.1-35) 


0.3 


Myocardial Infarction 


White women 


G 


6J. (0.6-73) 


0.4 



* Compared to group with NIDDM alone. 



PCR and sequencing were conducted as in Example 1. The primers were the same 
as in Example 1. The control samples agree with Hardy- Weinberg equiUbrium, as follows: 

A frequency of 1 .0 for the G allele ("p") and 0 for the A allele ("q") among black 
5 male control individuals predicts genotype frequencies of 100% G/G, 0% G/A, and 0% 
A/A at Hardy- Weinberg equilibrium (p 2 + 2pq + q 2 = 1). The observed genotype 
frequencies were 100% G/G, 0% G/A, and 0% A/A, in perfect agreement with those 
predicted for Hardy- Weinberg equilibrium. 

A frequency of 0.5 for the G allele ("p") and 0.5 for the A allele ("q") among black 
10 female control individuals predicts genotype frequencies of 25% G/G, 50% G/A, and 25% 
A/A at Hardy- Weinberg equiUbrium (p 2 + 2pq + q 2 = 1). The observed genotype 
frequencies were 0% G/G, 100% G/A, and 0% A/A, in poor agreement with those 
predicted for Hardy- Weinberg equilibrium. 

A frequency of 0.63 for the G allele ("p") and 0.38 for the A allele ("q") among 
15 white male control individuals predicts genotype frequencies of 40% G/G, 46% G/A, and 
14% A/A at Hardy-Weinberg equiUbrium (p 2 + 2pq + q 2 = 1). The observed genotype 
frequencies were 25% G/G, 75% G/A, and 0% A/A, in poor agreement with those 
predicted for Hardy-Weinberg equilibrium. 

A frequency of 0.64 for the G allele ("p") and 0.36 for the A allele ("q") among 
20 white female control individuals predicts genotype frequencies of 41% G/G, 46% G/A, 

and 13% A/A at Hardy-Weinberg equilibrium (p 2 + 2pq + q 2 = 1). The observed genotype 
frequencies were 43% G/G, 43% G/A, and 14% A/A, in excellent agreement with those 
predicted for Hardy-Weinberg equilibrium. 

RESULTS 

25 Using an allele-specific odds ratio of 1 .5 or greater as a practical level of 

significance, the following observations can be made. 
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Among black women with breast cancer, the odds ratio for the G allele at this locus 
was a remarkable 33 (95% CI, 2.6-424). The odds ratio for the GA heterozygote was 
actually less than 1, and was 17 (95% CI, 0.6-524) for the GG homozygote. The genotype- 
specific odds ratios therefore suggest that the G allele behaves in a recessive fashion. 
5 Among white women with breast cancer, the odds ratio for the G allele at this 

locus was 5.2 (95% CI, 1.3-21). The odds ratio for the GA heterozygote was 1.3, and was 
5.6 (95% CI, 0.5-64) for the GG homozygote. The genotype-specific odds ratios therefore 
suggest that the G allele behaves in a recessive fashion. 

For black women with lung cancer, the odds ratio for the G allele at this locus was 
10 a remarkable 33 (95% CI, 2.6-424). The odds ratio for the GA heterozygote was actually 
less than 1, and was 17 (95% CI, 0.6-524) for the GG homozygote. The genotype-specific 
odds ratios therefore suggest that the G allele behaves in a recessive fashion. 

For white men with lung cancer, the odds ratio for the G allele at this locus was 21 
(95% CI, 2.3-190). The odds ratio for the GA heterozygote was actually less than 1, and 
15 was 5.7 (95% CI, 0.3-1 18) for the GG homozygote. The genotype-specific odds ratios 
therefore suggest that the G allele behaves in a recessive fashion. 

For white women with lung cancer, the odds ratio for the G allele at this locus was 
2.9 (95% CI, 0.3-28). The genotype-specific odds ratios are unhelpful because neither the 
GA heterozygote nor GG homozygote has an odds ratio above 1.5. Thus, no inference can 
20 be drawn about whether the T allele behaves in a dominant, recessive, or codominant 
fashion. 

For white men with prostate cancer, the odds ratio for the G allele at this locus was 
21 (95% CI, 2.3-190). The odds ratio for the GA heterozygote was actually less than 1, 
and was 5.7 (95% CI, 0.3-1 18) for the GG homozygote. The genotype-specific odds ratios 
25 therefore suggest that the G allele behaves in a recessive fashion. 

For black men with NIDDM, the odds ratio for the A allele was 13 (95% CI, 0.8- 
219). Inspection of the genotype-specific odds ratios suggests that the A allele was 
codominant, since the heterozygote had a much higher odds ratio (35, 95% CI, 1.7-703) 
than the AA homozygote (7.0, 95% CI, 0.2-226) or the reference GG genotype, the odds 
30 ratio of which equaled 1, by definition. 

For black women with NIDDM, the odds ratio for the A allele at this locus was 5.0 
(95% CI, 0.2-167). The odds ratio for the AG heterozygote was 1.0, and 5.0 (95% CI, 0.2- 
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167) for the AA homozygote. The genotype-specific odds ratios therefore suggest that the 

A allele behaves in a recessive fashion. 

For white men with NIDDM, the odds ratio for the A allele at this locus was 5.0 

(95% CI, 0.6-43). The genotype-specific odds ratios suggest that the A allele behaves as a 
5 dominant susceptibility allele, since the heterozygote (with one allele copy) had an odds 

ratio of 2.1 (95% CI, 0.2-27). However, there is a pronounced (more than multiplicative) 

effect of gene dosage, since the homozygote with two copies of the A allele displayed a 

more than 7-fold larger odds ratio (15, 95% CI, 0.7-340). 

For white women with NIDDM, the odds ratio for the G allele at this locus was 2.1 
10 (95% CI, 0.5-9.3). The odds ratio for the GA heterozygote was 1.3, and was 2.1 (95% CI, 

0.2-27) for the GG homozygote. The genotype-specific odds ratios therefore suggest that 

the G allele behaves in a recessive fashion. 

For black men with ESRD due to NIDDM, the odds ratio for the G allele at this 

locus was 25 (95% CI, 1.5-41 1), compared to black men with NIDDM but no renal 
15 disease. The odds ratio for the GA heterozygote was actually less than 1, and was 13 

(95% CI, 0.4-405) for the GG homozygote. The genotype-specific odds ratios therefore 

suggest that the G allele behaves in a recessive fashion. 

For black women with ESRD due to NIDDM, the odds ratio for the G allele at this 

locus was 33 (95% CI, 2.0-539) relative to black women with NIDDM but normal kidney 
20 function. The genotype-specific odds ratios suggest that the G allele behaves as a 

dominant susceptibility allele, since the heterozygote (with one allele copy) had an odds 

ratio of 1.7 (95% CI, 0.1-38). However, there is a pronounced (more than multiplicative) 

effect of gene dosage, since the homozygote with two copies of the A allele displayed a 

50-fold larger odds ratio (85, 95% CI, 4.5-1617). 
25 For white men with ESRD due to NIDDM, the odds ratio for the G allele at this 

locus was 63 (95% CI, 4.8-820). The odds ratio for the GA heterozygote was 1.0, and was 

55 (95% CI, 2.8-1068) for the GG homozygote. The genotype-specific odds ratios 

therefore suggest that the G allele behaves in a recessive fashion. 

For white women with ESRD due to NIDDM, the odds ratio for the G allele at this 
30 locus was 3.4 (95% CI, 0.2-65). The odds ratio for the GA heterozygote was actually less 

than 1, and was 1.8 (95% CI, 0.1-35) for the GG homozygote. The genotype-specific odds 

ratios therefore suggest that the G allele behaves in a recessive fashion. 
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For white women with myocardial infarction, the odds ratio for the G allele at this 
locus was 17 (95% CI, 2.0-141). The odds ratio for the GA heterozygote was actually less 
than 1, and was 6.4 (95% CI, 0.6-73) for the GG homozygote. The genotype-specific odds 
ratios therefore suggest that the G allele behaves in a recessive fashion. 

5 ANALYSIS 

According to commercially available software [GENOMATDC Matlnspector 
Professional; URL: http://eenomatix.gsfde/cgi-bin/matinspector/matinspector.pl ; Quandt 
et aL, Nucleic Acids Res. 23: 4878-4884 (1995)], the G2701->A SNP is predicted to have 
the following potential effects on transcription of the ecNOS gene: 
10 a. Disruption of the binding site for AP4_Q5 (activating protein 4), whose 

0 binding site consists of the sequence 5*-NNCA£CTGNN-3'(SEQ ID NO: 12), beginning 
at position 2697 on the (+) strand. The G2701-->A SNP replaces the indicated G in the 
core binding site with an A. AP4_Q6 sites occur relatively rarely: 0.50 sites per 1 ,000 base 
pairs of random genomic sequence in vertebrates. 
15 b. Disruption of the binding site for NFE2_01 (NF-E2 p45), which consists of 

the complementary sequence to 5'-RTGASTCA££A-3'(SEQ ID NO: 13), ending at 
position 2693 on the (-) strand. This SNP replaces the indicated Q in the core binding site 
with an A. NFE2_01 sites occur even less often than AP4_Q5 sites: 0.12 sites per 1,000 
base pairs of random genomic sequence in vertebrates. 

Both AP4 and NF-E2 are positive transcriptional regulators which activate 
expression of a gene. The G allele is expected to result in more efficient binding by 
AP4_Q6 and/or NFE2_01 than the A allele, with the result that more ecNOS is expressed 
by patients carrying the G allele than the A allele. Tissue NO levels are therefore expected 
to be higher for G allele carrying individuals than for those bearing the A allele. 

The universal presence of the G allele among white and black patients of both 
genders with ESRD due to NIDDM, for example, suggests that increased NO may be 
associated with the progression of diabetic nephropathy to end-stage renal disease. 
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G to A Transition at Position 2843 of Human ecNOS Promoter 



Table 21 



ALLELE FREQUENCIES FOR GROUP I DISEASES 




G 


A 


CONTROL 






Black men (n=4 chromosomes) 


4 (100%) 


0 (0%) 


White men (n=2 chromosomes) 


2 (100%) 


0 (0%) 


White women (n=8 chromosomes) 


7 (88%) 


1 (13%) 








LUNG CANCER 






Black men (n=16 chromosomes) 


16 (100%) 


0 (0%) 


Black women (n=16 chromosomes) 


16 (100%) 


0 (0%) 


White men (n=16 chromosomes) 


16 (100%) 


0 (0%) 


VYIlllC WUIIlCll \ll — ^ will UI±IUoUIIIC2> J 


^ \ 1 \J\J sOJ 




PROSTATE CANCER 






Black men (n=14 chromosomes) 


14 (100%) 


0 (0%) 


White men (n=16 chromosomes) 


16(100%) 


0 (0%) 


ESRD due to NIDDM 






Black men (n=12 chromosomes) 


12 (100%) 


0 (0%) 


Black women (n=16 chromosomes) 


16(100%) 


0 (0%) 


White men (n=10 chromosomes) 


10 (100%) 


0 (0%) 


White women (n=8 chromosomes) 


8 (100%) 


0 (0%) 


NIDDM 






Black men (n=4 chromosomes) 


4 (100%) 


0 (0%) 


Black women (n=4 chromosomes) 


4(100%) 


0 (0%) 


White men (n=8 chromosomes) 


8 (100%) 


0 (0%) 


White women (n=6 chromosomes) 


6 (100%) 


0 (0%) 


MYOCARDIAL INFARCTION 






<y 

White women (n=14 chromosomes) 


14 (100%) 


0 (0%) 


Table 22 


GENOTYPE FREQUENCIES FOR GROUP I DISEASES 




G/G 


G/A 


A/A 1 


CONTROLS 


Black men (n=2) 


2 (100%) 


0 (0%) 


0 (0%) 


White men (n=l) 


1 (100%) 


0(0%) 


0 (0%) 


White women (n=4) 


3 (75%) 


1(25%) 


0 (0%) 
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DISEASE 


LUNG CANCER 


Black men (n=8) 


8 (100%) 


0(0%) 


0 (0%) 


Black women (n=8) 


8 (100%) 


0 (0%) 


0 (0%) 


White men (n=8) 


8 (100%) 


0 (0%) 


0 (0%) 


White women (n=l) 


1 (100%) 


0 (0%) 


0 (0%) 


PROSTATE CANCER 


Black men (n=7) 


7 (100%) 


0 (0%) 


0 (0%) 


White men (n=8) 


8 (100%) 


0 (0%) 


0 (0%) 


ESRD due to NIDDM 


Black men (n=6) 


6 (100%) 


0 (0%) 


0 (0%) 


Black women (n=8) 


8 (100%) 


0 (0%) 


0 (0%) 1 


White men (n=5) 


5 (100%) 


0 (0%) 


0 (0%) 


White women (n=4) 


4 (100%) 


0 (0%) 


0 (0%) 


NIDDM 


Black men (n=2) 


2 (100%) 


0 (0%) 


0 (0%) 


Black women (n=2) 


2 (100%) 


0 (0%) 


0 (0%) 


White men (n=4) 


4 (100%) 


0 (0%) 


0 (0%) 


White women (h=3) 


3 (100%) 


0 (0%) 


0 (0%) 


MYOCARDIAL INFARCTION 


White women (n=7) 


7 (100%) 


0 (0%) 


0 (0%) 



Allele-Specific Odds Ratios 

The susceptibility allele is indicated, as well as the odds ratio (OR). Haldane's 
correction was used if the denominator was zero. If the odds ratio (OR) was > 1.5, the 
95% confidence interval (CI.) is also given. An odds ratio of 1.5 was chosen as the 
5 threshold of significance based on the recommendation of Austin et al. {Epidemiol Rev. 
16:65-76, 1994). " . .[E]pidemiology in general and case-control studies in particular are 
not well suited for detecting weak associations (odds ratios < 1.5)[p. 66]." Odds ratios of 
1 .5 or higher are high-lighted below. 

A black female control group was not available. We therefore used the black 
1 0 female lung cancer group as a putative control group, since the frequency of the G allele 
appears to be 100% for black male controls as well as black men and women in most 
disease categories. 

Table 23 

ALLELE-SPECIFIC ODDS RATIOS FOR GROUP I DISEASES 
SUSCEPTIBILITY 

DISEASE ALLELE OR 95% CX 

Lung Cancer ^ 

Black men G 1.0 ~ — — — -— — 
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Black women 


G 


1 (ref. Group) 


White men 


G 


1.0 




White women 


G 


1.0 




Prostate Cancer 


Black men 


G 


1.0 




White men 


G 


1.0 




NIDDM 


Black men 


G 


1.0 




Black women 


G 


1.0 




White men 


G 


1.0 




White women 


G 


2.6 


0.2-28 


ESRD due to NIDDM* 


Black men 


G 


1.0 




Black women 


G 


1.0 




White men 


G 


1.0 




White women 


G 


1.0 




Myocardial Infarction 


White women 


G 


5.8 


0.6-61 



* Compared to group with NIDDM alone. 



Genotype-Specific Odds Ratios 

The susceptibility allele (S) is indicated, and the alternative allele at this locus is 
defined as the protective allele (P). Also presented is the odds ratio (OR) for the SS and 
5 SP genotypes. The odds ratio for the PP genotype is 1 by definition, since it is the 
reference group, and is not presented in the table below. For odds ratios > 1 .5, the 
asymptotic 95% confidence interval (CI.) is also given, in parentheses. An odds ratio of 
1 .5 was chosen as the threshold of significance based on the recommendation of Austin et 
al., in Epidemiol Rev., 16:65-76 (1994). "[E]pidemiology in general and case-control 
10 studies in particular are not well suited for detecting weak associations (odds ratios < 
1.5)." Id. at 66. 

Odds ratios of 1 .5 or higher are high-lighted below. Haldane's correction was used 
when the denominator was zero. 
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Table 24 




GENOTYPE-SPECIFIC ODDS RATIO FOR GROUP I DISEASES 


SUSCEPTIBILITY 
DISEASE ALLELE 


OR(SS) 


ORfSP) 


NIDDM 


White women G 


1.0 


0.3 




Myocardial Infarction 


White women G 


2J (0.1-40) 


0.3 



PCR and sequencing were conducted as in Example 1 . The primers were the same 
5 as in Example 1 . The control samples agree with Hardy- Weinberg equilibrium, as 
follows: 

A frequency of 1 .0 for the G allele ("p") and 0 for the A allele ("q'O among black 
male control individuals predicts genotype frequencies of 100% G/G, 0% G/A, and 0% 
A/A at Hardy- Weinberg equilibrium (p 2 + 2pq + q 2 = 1). The observed genotype 
10 frequencies were 100% G/G, 0% G/A, and 0% A/A, in perfect agreement with those 
predicted for Hardy- Weinberg equilibrium. 

A frequency of 1.0 for the G allele ("p") and 0 for the A allele ("q") among white 
male control individuals predicts genotype frequencies of 100% G/G, 0% G/A, and 0% 
A/A at Hardy- Weinberg equilibrium (p 2 + 2pq + q 2 = 1). The observed genotype 
1 5 frequencies were 100% G/G, 0% G/A, and 0% A/A, in perfect agreement with those 
predicted for Hardy- Weinberg equilibrium. 

A frequency of 0.88 for the G allele ("p") and 0.13 for the A allele ("q") among 
white female control individuals predicts genotype frequencies of 77% G/G, 21% G/A, 
and 2% A/A at Hardy- Weinberg equilibrium (p 2 + 2pq + q 2 = 1). The observed genotype 
20 frequencies were 75% G/G, 25% G/A, and 0% A/A, in good agreement with those 
predicted for Hardy-Weinberg equilibrium. 

RESULTS 

For white women with NIDDM, the odds ratio for the G allele at this locus was 2.6 
(95% CI, 0.2-28). The genotype-specific odds ratios were unhelpful because neither the 
25 GA heterozygote nor GG homozygote has an odds ratio above 1 .5. Thus, no inference can 
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be drawn about whether the T allele behaves in a dominant, recessive, or eodominant 
fashion. 

For white women with myocardial infarction, the odds ratio for the G allele at this 
locus was 5.8 (95% CI, 0.6-61). The odds ratio for the GA heterozygote was actually less 
5 than 1, and 2.1 (95% CI, 0.1-40) for the GG homozygote. The genotype-specific odds 
ratios therefore suggest that the G allele behaves in a recessive fashion. 

ANALYSIS 

According to commercially available software [GENOMATIX Matlnspector 
Professional; URL: http://genomatix.gsf.de/cgi-bin/matinspector/matinspector.pl ; Quandt 

10 et al., Nucleic Acids Res. 23: 4878-4884 (1995)], this SNP is predicted to disrupt a 

potential binding site for NFY_Q6 (nuclear factor Y [Y-box binding factor]). Its binding 
site consists of the sequence complementary to 5 '-NYS ATTGC7YY A-3 * (SEQ ID NO: 
14), ending at position 2837 on the (-) strand. The G2843-->A SNP replaces the indicated 
Q in the core binding site with an A. NFY_Q6 sites occur relatively rarely: 0.70 sites per 

15 1 ,000 base pairs of random genomic sequence in vertebrates. 

NFY, also called CP1 (Stewart et al., Gene., 173(2):155-161, 1996) is a positive 
transcriptional regulator which activates gene expression. NFY has not yet been 
implicated in regulation of ecNOS genen expression. The G allele is expected to result in 
more efficient binding by NFY than the A allele, with the result that more ecNOS is 

20 expressed by patients carrying the G allele than the A allele. Tissue NO levels are 

therefore expected to be higher for G allele carrying individuals than for those bearing the 
A allele. Higher tissue NO levels therefore appear to predispose white women specifically 
to NIDDM, lung cancer, and myocardial infarction. 

25 Table 25 



Gene 


Region 


Location 


Wild Type 


Variant 


SEQ ID 


ecNOS 


Promoter 


2548 


G 


A 


1 






2684 


C 


T 


1 






2701 


G 


A 


1 






2843 


G 


A 


1 



WO 02/08467 



PCT/US01/23321 



75 

Conclusion 

In light of the detailed description of the invention and the examples presented 
above, it can be appreciated that the several aspects of the invention are achieved. 

It is to be understood that the present invention has been described in detail by way 
5 of illustration and example in order to acquaint others skilled in the art with the invention, 
its principles, and its practical application. Particular formulations and processes of the 
present invention are not limited to the descriptions of the specific embodiments 
presented, but rather the descriptions and examples should be viewed in terms of the 
claims that follow and their equivalents. While some of the examples and descriptions 
10 above include some conclusions about the way the invention may function, the inventor 
does not intend to be bound by those conclusions and functions, but puts them forth only 
as possible explanations. 

It is to be further understood that the specific embodiments of the present invention 
as set forth are not intended as being exhaustive or limiting of the invention, and that many 
15 alternatives, modifications, and variations will be apparent to those of ordinary skill in the 
art in light of the foregoing examples and detailed description. Accordingly, this invention 
is intended to embrace all such alternatives, modifications, and variations that fall within 
the spirit and scope of the following claims. 
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What is claimed is: 

1 . A method for diagnosing a genetic susceptibility for a disease, condition, or 
disorder in a subject comprising: 

obtaining a biological sample containing nucleic acid from said subject; and 
5 analyzing said nucleic acid to detect the presence or absence of a single 

nucleotide polymorphism in the ecNOS gene, wherein said single nucleotide 
polymorphism is associated with a genetic predisposition for a disease, condition 
or disorder selected from the group consisting of breast cancer, lung cancer, 
prostate cancer, non-insulin dependent diabetes, end stage renal disease due to 

10 non-insulin dependent diabetes, hypertension, end stage renal disease due to 

hypertension, myocardial infarction, colon cancer, hypertension, atherosclerotic 
peripheral vascular disease due to hypertension, cerebrovascular accident due to 
hypertension, cataracts due to hypertension, cardiomyopathy with hypertension, 
myocardial infarction due to hypertension, non-insulin dependent diabetes 

15 mellitus, atherosclerotic peripheral vascular disease due to non-insulin dependent 

diabetes mellitus, cerebrovascular accident due to non-insulin dependent 
diabetes mellitus, ischemic cardiomyopathy, ischemic cardiomyopathy with non- 
insulin dependent diabetes mellitus, myocardial infarction due to non-insulin 
dependent diabetes mellitus, atrial fibrillation without valvular disease, alcohol 

20 abuse, anxiety, asthma, chronic obstructive pulmonary disease, cholecystectomy, 

degenerative joint disease, end stage renal disease and frequent de-clots, end 
stage renal disease due to focal segmental glomerular sclerosis, end stage renal 
disease due to insulin dependent diabetes mellitus, or seizure disorder. 

2. The method of claim 1, wherein the gene ecNOS comprises SEQ ID NO: 1. 

3. The method of claim 1, wherein said nucleic acid is DNA, RNA, cDNA or 
mRNA. 

4. The method of claim 2, wherein said single nucleotide polymorphism is located 
at position 2548, 2684, 2701, or 2843 of SEQ ID NO: 1 . 
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5. The method of claim 4, wherein said single nucleotide polymorphism is selected 
from the group consisting of G2548->A, C2684->T, G2701->A, and G2843->A 
and its complements namely C2548->T, G2684->A, C2701->T, and C2843->T. 

6. The method of claim 1, wherein said analysis is accomplished by sequencing, 
mini sequencing, hybridization, restriction fragment analysis, oligonucleotide 
ligation assay or allele specific PCR. 

7. An isolated polynucleotide comprising at least 10 contiguous nucleotides of SEQ 
ID NO: 1, or the complement thereof, and containing at least one single 
nucleotide polymorphism at position 2548, 2684, 2701, or 2843 of SEQ ID NO: 

5 1 wherein said at least one single nucleotide polymorphism is associated with a 

disease, condition or disorder selected from the group consisting of breast 
cancer, lung cancer, prostate cancer, non-insulin dependent diabetes, end stage 
renal disease due to non-insulin dependent diabetes, hypertension, end stage 
renal disease due to hypertension, myocardial infarction, colon cancer, 

1 0 hypertension, atherosclerotic peripheral vascular disease due to hypertension, 
cerebrovascular accident due to hypertension, cataracts due to hypertension, 
cardiomyopathy with hypertension, myocardial infarction due to hypertension, 
non-insulin dependent diabetes mellitus, atherosclerotic peripheral vascular 
disease due to non-insulin dependent diabetes mellitus, cerebrovascular accident 

15 due to non-insulin dependent diabetes mellitus, ischemic cardiomyopathy, 

ischemic cardiomyopathy with non-insulin dependent diabetes mellitus, 
myocardial infarction due to non-insulin dependent diabetes mellitus, atrial 
fibrillation without valvular disease, alcohol abuse, anxiety, asthma, chronic 
obstructive pulmonary disease, cholecystectomy, degenerative joint disease, end 

20 stage renal disease and frequent de-clots, end stage renal disease due to focal 

segmental glomerular sclerosis, end stage renal disease due to insulin dependent 
diabetes mellitus, or seizure disorder. 
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8. The isolated polynucleotide of claim 7, wherein at least one single nucleotide 
polymorphism is selected from the group consisting of G2548->A, C2684->T, 
G2701->A, and G2843->A and its complements namely C2548->T, G2684->A, 
C2701->T, and C2843->T. 

9. The isolated polynucleotide of claim 7, wherein said at least one single 
nucleotide polymorphism is located at the 3' end of said nucleic acid sequence. 

10. The isolated polynucleotide of claim 7, further comprising a detectable label. 

11. The isolated nucleic acid sequence of claim 10, wherein said detectable label is 
selected from the group consisting of radionuclides, fluorophores or 
fluorochromes, peptides, enzymes, antigens, antibodies, vitamins or steroids. 

12. A kit comprising at least one isolated polynucleotide of at least 1 0 contiguous 
nucleotides of SEQ ID NO: 1 or the complement thereof, and containing at least 
one single nucleotide polymorphism associated with a disease, condition, or 
disorder selected from the group consisting of breast cancer, lung cancer, 

5 prostate cancer, non-insulin dependent diabetes, end stage renal disease due to 

non-insulin dependent diabetes, hypertension, end stage renal disease due to 
hypertension, myocardial infarction, colon cancer, hypertension, atherosclerotic 
peripheral vascular disease due to hypertension, cerebrovascular accident due to 
hypertension, cataracts due to hypertension, cardiomyopathy with hypertension, 

10 myocardial infarction due to hypertension, non-insulin dependent diabetes 

mellitus, atherosclerotic peripheral vascular disease due to non-insulin dependent 
diabetes mellitus, cerebrovascular accident due to non-insulin dependent 
diabetes mellitus, ischemic cardiomyopathy, ischemic cardiomyopathy with non- 
insulin dependent diabetes mellitus, myocardial infarction due to non-insulin 

1 5 dependent diabetes mellitus, atrial fibrillation without valvular disease, alcohol 

abuse, anxiety, asthma, chronic obstructive pulmonary disease, cholecystectomy, 
degenerative joint disease, end stage renal disease and frequent de-clots, end 
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stage renal disease due to focal segmental glomerular sclerosis, end stage renal 
disease due to insulin dependent diabetes mellitus, or seizure disorder; and 
20 instructions for using said polynucleotide for detecting the presence or absence 

of said at least one single nucleotide polymorphism in said nucleic acid. 

13. The kit of claim 12 wherein said at least one single nucleotide polymorphism is 
located at position 2548, 2684, 2701, or 2843 of SEQ ID NO: 1. 

14. The kit of claim 13 wherein said at least one single nucleotide polymorphism is 
selected from the group consisting of G2548->A, C2684->T, G2701->A, and 
G2843->A and its complements namely C2548->T, G2684->A, C2701->T, and 
C2843->T. 

15. The kit of claim 12, wherein said single nucleotide polymorphism is located at 
the 3' end of said polynucleotide. 

16. The kit of claim 12, wherein said polynucleotide further comprises at least one 
detectable label. 

17. The kit of claim 16, wherein said label is chosen from the group consisting of 
radionuclides, fluorophores or fluorochromes, peptides enzymes, antigens, 
antibodies, vitamins or steroids. 

18. A kit comprising at least one polynucleotide of at least 10 contiguous 
nucleotides of SEQ ID NO: 1 or the complement thereof, wherein the 3 * end of 
said polynucleotide is immediately 5' to a single nucleotide polymorphism site 

5 associated with a genetic predisposition to disease, condition, or disorder 

selected from the group consisting of breast cancer, lung cancer, prostate cancer, 
non-insulin dependent diabetes, end stage renal disease due to non-insulin 
dependent diabetes, hypertension, end stage renal disease due to hypertension, 
myocardial infarction, colon cancer, hypertension, atherosclerotic peripheral 



WO 02/08467 



PCT/US01/23321 



80 

10 vascular disease due to hypertension, cerebrovascular accident due to 

hypertension, cataracts due to hypertension, cardiomyopathy with hypertension, 
myocardial infarction due to hypertension, non-insulin dependent diabetes 
mellitus, atherosclerotic peripheral vascular disease due to non-insulin dependent 
diabetes mellitus, cerebrovascular accident due to non-insulin dependent 

15 diabetes mellitus, ischemic cardiomyopathy, ischemic cardiomyopathy with non- 

insulin dependent diabetes mellitus, myocardial infarction due to non-insulin 
dependent diabetes mellitus, atrial fibrillation without valvular disease, alcohol 
abuse, anxiety, asthma, chronic obstructive pulmonary disease, cholecystectomy, 
degenerative joint disease, end stage renal disease and frequent de-clots, end 

20 stage renal disease due to focal segmental glomerular sclerosis, end stage renal 

disease due to insulin dependent diabetes mellitus, or seizure disorder; and 
instructions for using said polynucleotide for detecting the presence or absence 
of said single nucleotide polymorphism in a biological sample containing nucleic 
acid. 

1 9. The kit of claim 1 8, wherein said single nucleotide polymorphism site is located 
at position 2548, 2684, 2701, or 2843 of SEQ ID NO: 1 . 

20. The kit of claim 19, wherein said at least one polynucleotide further comprises 
a detectable label. 

21 . The kit of claim 20, wherein said detectable label is chosen from the group 
consisting of radionuclides, fluorophores or fluorochromes, peptides, enzymes, 
antigens, antibodies, vitamins or steroids. 

22. A method for treatment or prophylaxis in a subject comprising: 

obtaining a sample of biological material containing nucleic acid from a subject; 
analyzing said nucleic acid to detect the presence or absence of at least one 
single nucleotide polymorphism in SEQ ID NO: 1 or the complement thereof 
5 associated with a disease, condition, or disorder selected from the group 
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consisting of breast cancer, lung cancer, prostate cancer, non-insulin dependent 
diabetes, end stage renal disease due to non-insulin dependent diabetes, 
hypertension, end stage renal disease due to hypertension, myocardial infarction, 
colon cancer, hypertension, atherosclerotic peripheral vascular disease due to 

10 hypertension, cerebrovascular accident due to hypertension, cataracts due to 

hypertension, cardiomyopathy with hypertension, myocardial infarction due to 
hypertension, non-insulin dependent diabetes mellitus, atherosclerotic peripheral 
vascular disease due to non-insulin dependent diabetes mellitus, cerebrovascular 
accident due to non-insulin dependent diabetes mellitus, ischemic 

15 cardiomyopathy, ischemic cardiomyopathy with non-insulin dependent diabetes 

mellitus, myocardial infarction due to non-insulin dependent diabetes mellitus, 
atrial fibrillation without valvular disease, alcohol abuse, anxiety, asthma, 
chronic obstructive pulmonary disease, cholecystectomy, degenerative joint 
disease, end stage renal disease and frequent de-clots, end stage renal disease 

20 due to focal segmental glomerular sclerosis, end stage renal disease due to 

insulin dependent diabetes mellitus, or seizure disorder; and 
treating said subject for said disease, condition or disorder. 

23. The method of claim 22 wherein said nucleic acid is selected from the group 
consisting of DNA, cDNA, RNA and mRNA. 

24. The method of claim 22, wherein said at least one single nucleotide 
polymorphism is located at position 2548, 2684, 2701, or 2843 of SEQ ID NO: 
1. 

25. The method of claim 22 wherein said at least one single nucleotide 
polymorphism is selected from the group consisting of G2548->A, C2684->T, 
G2701->A, and G2843->A and its complements namely C2548->T, G2684->A, 
C2701->T, and C2843->T. 
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26. The method of claim 22 wherein said treatment counteracts the effect of said at 
least one single nucleotide polymorphism detected. 
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SEQUENCE LISTING 

<110> DzGenes LLC 

<120> DIAGNOSTIC POLYMORPHISMS FOR THE ecNOS PROMOTOR 
<130> DZG2183.1 

<150> US 60/220,662 
<151> 2000-07-25 

<160> 14 

<170> Patentln version 3.0 

<210> 1 

<211> 3585 

<212> DNA 

<213> Homo sapiens 



<400> 1 

gggcccagag aaagagctgt ccccggggcc ttggggacag ggtgacagcc acccagagat 60 

catggagaag gggacgtaag gaagacctca cagaggagtc atcctgcgac tgtgttggtt 120 

gggtccttca ggaagcagag tcccaggagt tggaagcata agaggaatac tgcgggcaat 180 

gcctgagaaa gataacaggg accgggagca ggagtgagtt gggcagggga aggatcaggc 240 

ccacaatgcc aggctcacac ctgcagagga gggaagaaga agaagggcct cacatcagcc 300 

cagcggggga tgttacgccc acagacgccc cggggctcag ttactgtcta agtgttagaa 3 60 

ataaattttc ggtgccacaa aagaaatagc actcagatta aatgttccca gcaaggcaat 42 0 

tttacttcta tagaagggtg catctcacag atggagcaat ggcaagagca cacctgaaca 4 80 
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yLuyuLLOWL 
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cirri- cYrt ra r"» a 
yy tLyy aCCo 


yaULy LLLya 


yc L. dd u i-y U L# 


a /-» +- «Tfffi t-af-4- 
oL. LyyuLdLL 


l_ UcLddy cly cty 


oUU 




dyccggottg 


y v-ciyyy Lady 


L-ciy u l. uyyca 


yydayyauyg 


UCaCayaaCa 


tz c r\ 
0 0 U 




gacgactcag 


gu c agagc ag 


y ugaccag eg 


gegae ucagi. 


T-cggagcagg 


Ton — ~ 
72 0 


Lyacagaagc 


taggaggggg 


LcgLtcacug 


aaactagggg 


c aaggagacg 


aagagaacac 


/BO 


gaaagttaaa 


ctttaagatg 


aagaacaaag 


ctgaacatac 


tgatgcattg 


gat ctttgga 


840 


gaggatctca 


gaactcattg 


tacttaattt 


acaggctaaa 


accttagaag 


aggaatttat 


900 


tatatcctac 


acaagactcc 


agggaagcac 


atggccttgg 


actgaaggct 


ggcatctgga 


960 


age tgt cage 


caccagcacc 


ttctgeagea 


ggtacctget 


ctefcaagagg 


gaggcctggg 


1020 


tggtgcacct 


ccagagctgc 


ccaggctggg 


cctcaaggaa 


gaaaaaga 1 1 


ttcatttgtc 


1080 


agaggeggaa 


gggagaggtg 


gagggaacag 


cacagcagcg 


gcccaggggc 


agggaagcac 


114 0 


aggaccatta 


gggagacacg 


agaaagecca 


tttgtctaga 


acagaggatt 


caagcagtgc 


1200 


accaaggaaa 


atgagggeca 


ggccaatgtg 


ctggagtggc 


tttgttcttg 


gctgagggtt 


1260 


fctgggtagtg 


ecaaagegta 


aggtaagece 


tgctttccag 


aagaatctag 


cagagtgtgg 


13 2 0 


ageccagatg 


ggactggaag 


gect gggagg 


ggtcaggtgg 


ccacagggac 


gggccacagc 


13 80 


cagtggtgca 


ggcaagaaga 


caatggecat 


ccatggtggc 


tcacacctgg 


aatcccagcc 


1440 


c a 1 1 gggagg 


tcgaggcagg 


tggatcacct 


gaggtcagga 


gtt cgagacc 


agectggtea 


1500 


acatggtgaa 


accctgtctc 


taataaaatt 


ataaaaatta 


geegggegtg 


gtggtgggta 


1560 


cctgtaatct 


cagctactca 


ggaggctggg 


tcaggagaat 


cgcttgaacc 


caggaggegg 


1620 


aggttacagt 


gagctgagat 


agcaccattg 


. cattccagcc 


tggacaacaa 


aagegagact 


168 0 


ctgtctcaaa 


aaaaaaaaaa 


aattagccag 


gcgtggtggt 


gggtgcctgt 


cgtcctcggg 


1740 


aggctgaggc 


atgagaatca 


c tec gggagg 


cagaggttgc 


aatgaaccaa 


gatcacacca 


1800 


ctgcactcca 


gcctgggtga 


cagagcaaga 


ctctgtctaa 


aaaaaaaaaa 


aagacagaag 


1860 


gatgtcagca 


tetgatgetg 


cctgtcacct 


tgaccctgag 


gatgecagtc 


acagctccat 


1920 


taactgggac 


ctaggaaaat 


gagtcatcct 


tggtcatgea 


catttcaaat 


ggtggcttaa 


1980 


tatggaagee 


acacttggga 


tctgttgtct 


cctccagcat 


ggtagaagat 


gectgaaaag 


204 0 


taggggctgg 


atcccatccc 


ctgcctcact 


gggaaggega 


ggtggtgggg 


tggggtgggg 


2100 


cctcaggctt 


ggggtcatgg 


gacaaagccc 


aggctgaatg 


ccgcccttcc 


atctccctcc 


2160 


tcctgagaca 


ggggcagcag 


ggcacactag 


tgtccaggag 


cagcttatga 


ggccccttca 


2220 
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ccctccgatc 


ctccaaaact 


ggcagacccc 


accttcttcg 


gtgtgacccc 


agagctctga 


2280 


gcacagcccg 


ttccttccgc 


ctgccggccc 


cccacccagg 


cccaccccaa 


ccttatcctc 


2340 


cactgctttt 


cagaggagtc 


tggccaacac 


aaatcctctt 


gtttgtttgt 


ctgtctgtct 


2400 


gctgctccta 


gtctctgcct 


ctcccagtct 


ctcagcttcc 


gtttctttct 


taaactttct 


2460 


ctcagtctct 


gaggtctcga 


aatcacgagg 


cttcgacccc 


tgtggaccag 


atgcccagct 


2520 


agtggccttt 


ctccagcccc 


tcagatggca 


cagaactaca 


aaccccagca 


tgcactctgg 


2580 


cctgaagtgc 


ctggagagtg 


ctggtgtacc 


ccacctgcat 


tctgggaact 


gtagtttccc 


2640 


tagtccccca 


tgctcccacc 


agggcatcaa 


gctcttccct 


ggccggctga 


ccctgcctca 


2700 


gccctagtct 


ctctgctgac 


ctgcggcccc 


gggaagcgtg 


cgtcactgaa 


tgacagggtg 


2760 


ggggtggagg 


cactggaagg 


cagcttcctg 


ctcttttgtg 


tcccccactt 


gagtcatggg 


2820 


ggtgtggggg 


ttccaggaaa 


ttggggctgg 


gaggggaagg 


gataccctaa 


tgtcagactc 


2880 


aaggacaaaa 


agtcactaca 


tccttgctgg 


gcctctatcc 


ccaagaaccc 


aaaaggactc 


2940 


aagggtgggg 


atccaggagt 


tcttgtatgt 


atggggggag 


gtgaaggaga 


gaacctgcat 


3000 


gaccctagag 


gtccctgtgg 


tcactgagag 


tgtgggctgc 


catcccctgc 


tacagaaacg 


3060 


gtgctcacct 


tctgcccaac 


cctccaggga 


aaggcacaca 


ggggtgaggc 


cgaaccttcc 


3120 


gtctggtgcc 


acatcacaga 


aggaccttta 


tgaccccctg 


gtggctctac 


cctgccactc 


3180 


cccaatgccc 


caaccccraf 


y*- *»y v*ciy 


y y y ^ t»v« i— y 


c t. y y etc a. c c t. 


yygcucccac 


"5 "> A r\ 
i/40 


ttatcagcct 


cagtcctcac 


agcggaaccc 


aggcgtccgg 


ccccccaccc 


ttcaggccag 


3300 


cgggcgtgga 


gctgaggctt 


tagagcctcc 


cagccgggct 


tgttcctgtc 


ccattgtgta 


3360 


tgggataggg 


gcggggcgag 


ggccagcact 


ggagagcccc 


ctcccactgc 


cccctcctct 


3420 


cggtcccctc 


cctcttccta 


aggaaaaggc 


cagggctctg 


ctggagcagg 


cagcagagtg 


3480 


gacgcacagt 


aacatgggca 


acttgaagag 


cgtggcccag 


gagcctgggc 


caccctgcgg 


3540 


cctggggctg 


gggctgggcc 


ttgggctgtg 


cggcaagcag 


ggccc 




3585 



<210> 2 

<211> 21 

<212> DNA 

<213> Artificial sequence 
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<220> 

<221> misc_f eature 

<222> (1)..(21) 

<223> Primer 

<400> 2 

gagtctggcc aacacaaatc c 21 

<210> 3 

<211> 22 . 

<212> DNA 

<213> Artificial sequence 
<220> 

<221> misc_f eature 

<222> (1) . . (22) 

<223> Primer 



<400> 3 

ctctagggtc atgcaggttc tc 



22 



<210> 



4 



<211> 



18 



<212> 



DNA 



<213> Homo sapiens 



<220> 
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<221> variation 
..<222> (6) . . (6) 

<223> Polymorphism results in G being replaced by A at this position 



<400> 4 

agatggcaca gaactaca 18 

<210> 5 

<211> 10 

<212> DNA 

<213> Homo sapiens 

<220> 

<221> variation 
<222> (2) . . (2) 

<223> Polymorphism results in C being replaced by T on (-) strand and A 
on the (+) strand at this position 



<400> 5 
gccatctgag 

<210> 6 

<211> 12 

<212> DNA 

<213> Homo sapiens 



<220> 
<221> 



variation 
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<222> (10) . . (10) 

<223> Polymorphism results in G being replaced by A ,at this position 



<210> 7 

<211> 16 

<212> DNA 

<213> Homo sapiens 

<220> 

<221> variation 

<222> (12) . . (12) 

<223> Polymorphism results in G being replaced by A at this position 



<210> 8 

<211> 18 

<212> DNA 

<213> Homo sapiens 

<220> 

<221> variation 

<222> (8) . - (8) 

<223> Polymorphism results in C being replaced by T at this position 



<400> 6 
cctcagatgg ca 



12 



<400> 7 

cccctcagat ggcaca 
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<400> 8 

ccctggccgg ctgaccct 18 

<210> 9 

<211> 13 

<212> DNA 

<213> Homo sapiens 

<220> 

<221> variation 
<222> (8) . . (8) 

<223> Polymorphism results in C being replaced by T on the (+) strand a 
t this position 



<400> 9 

gtcagccggc cag 13 

<210> 10 

<211> 10 

<212> DNA 

<213> Homo sapiens 

<220> 

<221> variation 
<222> (9) . . (9) 

<223> Polymorphsim results in C being replaced by T on the (+) strand a 
t This position 
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<400> 10 
gtcagccggc 

<210> 11 

<211> 19 

<212> DNA 

<213> Homo sapiens 

<220> 

<221> variation 

<222> (3). .(3) 

<223> Polymorphism results in C being 

<400> 11 

gccggctgac cctgcctca 

<210> 12 

<211> 10 

<212> DNA 

<213> Homo sapiens 

<220> 

<221> variation 

<222> (5) . . (5) 

<223> SNP replaces the G in the core 



10 



replaced by T at this position 



19 



binding site with an A at this position 



<220> 
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9 

< 2 2 1 > mi s c_f ea tur e 

<222> (9) . . (9) 

<223> n=any nucleotide 



<220> 

<22 1> misc_f eature 

<222> (10) . . (10) 

<223> n=any nucleotide 



<220> 

< 2 2 1 > mi s c_f eature 

<222> (1) . . (1) 

<223> n=any nucleotide 



<220> 

<221> mis cofeature 

<222> (2) . . (2) 

<223> n=any nucleotide 



<400> 12 

nncagctgnn 10 

<210> 13 
<211> 11 
<212> DNA 
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10 



<213> 



Homo sapiens 



<220> 



<221> 



variation 



<222> 



(9) . . (9) 



<223> 



SNTP replaces the G in the core binding site with an A at this position 



<400> 13 

rtgastcagc a 11 

<210> 14 

<211> 11 

<212> DNA 

<213> Homo sapiens 

<220> 

<221> variation 

<222> (8) . . (8) 

<223> SNP replaces G in the core binding site with an A at this position 
<220> 

<221> misc_feature 

<222> (1) . . (1) 

<223> n^any nucleotide 



<400> 14 
nysattggyy a 



11 
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